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PHILADELPHIA 


HE use of insulin in the treatment of diabetes is usually accompanied with 

little discomfort. However, there occur cases in which there is a more or 
less reaction to the insulin injected. It is usually of an immunologic nature. 
Immunologie reactions to insulin may be divided into two classes, one, in which 
the reaction is local and usually accompanied by swelling, redness, and pain, 
and the other, in which the reaction is general, and the usual response is urti- 
earia. Urticarial responses were more common with the very erude insulin 
that was used during the first period of insulin therapy. They were often at- 
tributed to the protein content of the insulin. However, with purified insulin, 
reactions still occur with more or less frequency. 

Allan' states that the incidence of these local reactions has increased dur- 
ing the past five years. During the year 1930 it occurred in over 13 per cent 
of the cases at The Mayo Clinic. This reaction was usually mild and was re- 
lieved either by change of the type of insulin or passed off spontaneously, as 
the treatment continued. However, in certain eases the allergic manifestations 
were more severe and interfered with treatment. Usually these sensitive cases 
were not accompanied by resistance to insulin, but there were also certain 
resistant eases, which were not insulin sensitive. These mild local reactions 
are not uncommon in other elinies, and there is an opinion that they may occur 
less frequently with insulin prepared from beef than from pig. 


*From the Division of Metabolic Diseases of the Philadelphia General Hospital, and the 
Laboratories of the Graduate School of Medicine of the University of Pennsylvania. 


Received for publication, October 10, 1932. 
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The following case differs from those previously reported, in that the pa- 


tient was both very sensitive and very refractory to insulin. Also, the refrac- 
tory condition disappeared suddenly after twenty-one months and followed 
immediately the intramuscular injection of some rabbit serum, the nature of 
whieh will be deseribed later. The sensitivity to insulin, however, persisted 
for a much longer period of time and is present, to some extent, after a period 
of over three years, although the patient has been without insulin therapy for 
a period of nineteen months. 

Similar loeal reactions have been deseribed in the literature. Glasberg, 
Somogyi, and Taussig® in discussing an insulin case, described the loeal re- 
action as follows: ‘‘From five to seven hours after the administration of insu- 
lin a large area of induration appeared at the site of injection, reaching a diam- 
eter of 10 em. in from twelve to fifteen hours; the area was hot, angry and 
tender for twelve hours more and then gradually faded. The reaction was 
identical with several brands of insulin.”’ 

The patient of the above authors is very interesting, in that she showed a 
spontaneous drop in insulin requirements. This is pertinent in relation to the 
present case. Because of hypoglycemia, the amount of insulin was reduced 
from 320 units daily to 100 units over a period of six days. Dr. Taussig* has 
kindly given me further information since their report was made. During 
1928, two years after the above described reactions, the patient was clinically 
well on 100 U. daily. In 1929 patient was taking about 70 U. daily. March, 
1931, the patient reported that she was without glycosuria on 50 U. of insulin 
per day. This ease differs markedly from the present case in that the refrac- 
tory period was only of about three months’ duration. Also, although there was 
a rather spontaneous recovery from the refractory condition, still the patient, 
five years later, is requiring 50 U. of insulin daily. Although these authors 
examined the serum for precipitins, no reaction could be obtained in any dilu- 
tions. 

Lawrence* in discussing local insulin reactions under his group classed as 
‘‘delayed reactions’’ describes them as follows: ‘‘In such cases during the 
first day or two of the injections only the usual stinging results. About the 
third to fifth day, hot, brawny swellings begin to appear at the site of injec- 
tion, develop fully in six to twelve hours, and have usually disappeared in 
twelve to thirty-six hours. They may cause much pain and irritation, and can 
be partly alleviated by cooling lotions.’’ He states that he has never seen them 
cause trouble for more than three months. He states that sometimes a change 
of insulin makes them reappear for a week or two. 

Tuft® in a paper on insulin sensitiveness, reports a case with a marked 
generalized urticarial reaction. This patient was sensitive to various brands 
of insulin tried, and also to purified erystalline insulin. This case gave a 
marked skin reaction, a positive Prausnitz and Kustner reaction, and a pre- 
cipitin reaction which remained positive for a short time after the general- 
ized reaction oceurred. 

This patient apparently was definitely sensitive to purified insulin, but 
the response was generalized rather than local, as in the present ease. 
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The patient considered in this paper showed, at all times, a marked local 


reaction at the site of insulin injection. The patient said it came from the 
very start of injections. It was first noted on the nurse’s record ten days 
later. Soon after injection the patient noted a feeling of warmth in the area. 
Krom one to three hours later there appeared a diffuse swelling, very red, 
which felt much warmer than the remainder of the skin. Pain developed in 
the area, which persisted for twenty-four hours or longer. This reaction 
came with every insulin injection and persisted throughout the course of 
insulin therapy. Later the insulin was injected at various sites over the 
body in order not to repeat the reaction in the same area too often. In the 
later few months of insulin therapy, the local reaction changed in some re- 
spects. Instead of the diffuse swelling extending for 10 to 15 em. it became 
more localized and somewhat indurated. The redness did not appear, instead, 
a slightly elevated blanching of the skin, a rather typical wheal reaction, 
extending with a diameter of 4 to 6 cm. about the site of injection. The 
patient often noted a flushing, or general feeling of warmth all over the body. 
The pain was present as before. No urticaria was noted until the latter part 
of Mareh, 1930, when, because of the extremely high insulin requirement, 
some was given intravenously. When given ten units three times a day there 
was some urticaria, especially of the lower limbs. This was increased to a 
25 U. dosage and after one of these there was a sudden generalized urticaria 
which was relieved by adrenalin. Reducing this to 15 units three times a day 
there was little or no reaction noted over a period of time. As mentioned 
above this intravenous insulin accompanied a larger dose subcutaneously. 
Later when the insulin requirement dropped the intravenous insulin was 
stopped. After this at various times there was some urticaria after the regular 
subeutaneous injections. At one particular time when 90 units were given 
instead of the customary 45, there was a sudden marked generalized urticaria 
which was relieved by adrenalin. 

Root® in an excellent review has summarized some thirteen conditions 
which might influence the resistance of the patient to insulin. Throughout 
the course of this patient’s stay in the hospital various clinical conditions 
were looked for, which might, in some way, aid in explaining the refractory 
reaction to insulin. Various liver functional tests were instituted, but they 
were all negative for any hepatic dysfunction. Basal metabolic rate deter- 
minations done during August, 1929, gave readings of about + 24. There was 
no evidence of hyperthyroidism, however, and later basal metabolic rates were 
normal. Outside of a few common colds and an abscess of the thigh there 
were no known infections present. There was a cardiac condition, but it was 
not accompanied by either circulatory failure or edema, which might affect 
the absorption of the insulin. 

Of the theories advanced for insulin resistance, it would seem that only 
the one concerned with an enzyme of normal muscle which reacts with glu- 
cose only in the presence of insulin might be applicable. It is interesting to 
speculate concerning the relationship between the sensitivity to insulin and the 
refractory condition shown by the patient. Insulin sensitive cases are somewhat 
common. True insulin refractory cases are rather rare. It is noted in the 
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case of Glasberg, Somogyi, and Taussig? that while their case was both re- 
fractory and sensitive they did not parallel each other. In the present case 
sensitivity has been present throughout the refractory period and also al- 
though the patient has been without insulin for a number of months, it is still 
present. With the development of general allergic symptoms, and with more 
marked skin reactions, it would seem that the patient became even more sen- 
sitive to insulin in the later course of insulin therapy than she was in the mid- 
dle of the therapy when the tests were first instituted. At present, as dis- 
cussed later, the patient has lost much of the sensitivity. 


The following is a summary of the Clinical Course of the patient: 


*atient C. E. was a white woman, aged fifty-eight. She was admitted to the dermatologic 
wards of the Philadelphia General Hospital because of pediculosis corporis and a shallow 
varicose ulcer over the middle of the right tibia. In addition she had moderate edema of 
both ankles which she had first noted about four months previously. Also she had been 
dyspneie on exertion for about six months previously. 

Her past history revealed that she had been in comparatively good health in her early 
years. In January, 1922, she had her gallbladder removed and nine months later her 
uterus. Menopause had occurred at forty-three. 


On admission her temperature, pulse, and respiration were normal, and the patient was 
not acutely ill. She had many scratch marks on her back, shoulders, and arms, a shallow 
ulcer of two inches in diameter about the middle of the right tibia, there was moderate edema 
of both ankles, a sear in the right upper quadrant of the abdomen, and a midline supra- 
pubie sear. 

Examination of the heart and lungs showed no gross pathology. Her blood pressure 
was 145/75; red cell count, 4,490,000; white cell count, 12,200; urine showed no albumin, 
sugar, or casts; blood urea nitrogen, 11 mg. 

No symptoms of diabetes had been elicited but her fasting blood sugar was 197 mg. 
and on Dee. 21, 1928, the patient wus transferred to the Metabolic Division. 

After her admission to the Metabolic Division, the patient was subject to frequent 
attacks of precordial pain of anginoid character, which were relieved by vasodilators. These 
attacks were frequent, at times more than once daily and continued for over a year. On 
several occasions there was an associated pulmonary congestion. Beginning about April, 1930, 
they became less and less frequent and she has had none since July 1, 1930. 

Electrocardiographie tracings taken at various intervals always showed evidence of left 
ventricular preponderance and several times frequent extrasystoles. 


X-ray examination of the chest showed nothing of importance except some spondylitic 
changes in the lower dorsal vertebras. 


There were no foci of infection found and the varicose ulcer healed in a few weeks. 

On several occasions the urine showed many leucocytes but this finding did not persist 
and there was no other evidence of genitourinary infection. The urine at no time showed 
casts, the phenolsulphonephthalein excretion was normal and there was no nitrogen retention 
in the blood. 

The temperature was normal throughout the period of hospitalization with the excep- 
tion of a few occasions when slight rises, not above 101° F. occurred for twenty-four to forty 
eight hours. These transient elevations of temperature were coincident with and apparently 
the results of minor ailments, such as diarrhea, bronchitis, ete. 

A normal bilirubin content of the blood plasma, no retention bromsulphalein dye at the 
end of one-half hour and no increase of urobilinogen in the urine, indicate no liver dys 
function. 

The red blood cell count varied between 5,050,000 and 3,250,000 during the period in 
the hospital. When discharged the count was 3,250,000. Later, on Aug. 4, 1931, the rec 
blood cell count was 3,970,000. 
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The white count since admission to the Metabolic Division had varied between 5,000 and 
9.700. The differential counts were normal. 

Fig. 1 shows a graph of the insulin requirement of the patient made by 
taking approximate monthly averages of insulin dosage. The decrease after 
the eighth month followed a change in the manner of giving the insulin. 
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From this time on it was given at various sites over the body rather than just 
in the arms. This procedure may have made it more effective for a time. 
During the month of March, 1930, when the refractory condition of the 
patient was becoming more marked, certain tests were instituted. One-tenth 
eubie centimeter of Lilly’s U. 20 pig insulin was given intradermally and a 
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definite wheal reaction was obtained. A supply of beef insulin was obtained 
and a similar sensitivity was shown. Through the kindness of Dr. E. M. K. 


Geiling, of Dr. Abel’s laboratory, a supply of crystalline insulin was obtained. 
This gave the same typical skin reaction as the commercial insulin. A quantity 
of this crystalline insulin was dissolved sufficient for two therapeutie doses, 
which was given to the patient with the same local reactions as the commer- 
cial insulin. The cutaneous reaction was positive to tests repeated at intervals 
while the patient was in the hospital, and when tested some time after the 
rabbit serum had been given seemed to give even a greater reaction than for- 
merly. For a period of about one year no cutaneous reactions were tried. 
In April, 1932, when tested eutaneously to Lilly’s U. 20 insulin, a beef insulin, 
and erystalline insulin, she only gave a positive reaction to the Lilly’s U. 20 
insulin. While this was definitely positive she is no longer sensitive to erys- 
talline insulin, and it would seem that her sensitivity is gradually disappear- 
ing. Why she was originally sensitive to crystalline insulin and now only to a 
commercial insulin is an interesting speculation. 

In view of the large insulin requirement during March, 1930, it was 
thought that there must be some combination of the insulin in the patient’s 
bedy. An attempt was made to ascertain whether this combination could be 
shown in vitro. The patient’s serum was mixed with a quantity of insulin 
just sufficient to produce convulsions in a rabbit, and as a control normal 
serum was mixed in a like manner. These mixtures were given to various 
rabbits, and as far as these brief experiments could demonstrate there was 
no combination of the insulin with the patient’s serum. Blood sugar lowering 
in the rabbits was just as great with the mixture of the patient’s serum as 
with the mixture with normal serum. Three serums were procured at this 
time, one from a normal individual, one from a diabetic, and one from the 
patient. These three unlabeled serums were sent to the laboratory to be tested 
for precipitins. U. 20 insulin was used as an antigen and the various serums 
were diluted. It was possible to demonstrate precipitins in the patient’s 
blood, and it was identified in this manner from the other two serums. The 
results are given in Table I. 

TABLE I 


SERUM DILUTIONS 








SERUM 10 20 40 80 160 320 640 coNTROL 
a weer Normal) - _ —e: ~2~O ta - — 0 CU — -_— 
B—( Patient ) ++ ++ ++ ++ _ _ _ - 


C—/( Diabetic) on on ae a —_ 


As a further study for allergic antibodies the Prausnitz and Kustner 
passive transfer was tried. A small amount of the patient’s serum was intro- 
duced intradermally into a normal person’s arm. Twenty-four hours later an 
intracutaneous injection of a small amount of insulin was made in the same 
area as well as at another point, which was not sensitized. A wheal devel- 
oped at the site of insulin injection in the sensitized area, while similar injec- 
tion at another site was negative. This test was repeated again in April, 
1932, and found to be negative. 
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With the thought in mind that there still was some immunologie combina- 
tion of insulin with the patient’s serum, a rabbit was sensitized to a mixture 


naneo nid 


of 10 ¢.e. of the patient’s serum and 2.5 units of insulin. This was done with 


Palace 6 rie 


graduated doses over a period of about three weeks. Continued attempts 
were made to test the patient’s blood as well as this particular sensitized rab- 
bit blood for precipitins. Insulin was used as the antigen and various dilu- 
tions of the serum were added. Although the one series of precipitin tests 
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reported above seemed rather definite, difficulties were encountered in further 
trials with both the rabbit’s and the patient’s serum. Flocculation even oe- 
|. eurred in the control tube and a prezone developed which later was shown to 
i depend on the Py of the medium. In view of these difficulties it seems desir- 
() ; able not to report what were first thought to be definite precipitin reactions. 
However, in view of the fact that there was a possibility of certain antibodies 
in the sensitized rabbit serum, some of this serum was given to the patient. 
The patient was found sensitive to the rabbit serum and was desensitized by 
eradually increasing doses, until finally 5 ¢.c. of the rabbit serum was injected 
intramuscularly. At this particular time it was necessary to give the patient 





over 600 U. of insulin and with that dosage blood sugars were not kept under 

200 mg. To make sure that the patient actually required a large amount of 

insulin, it was markedly reduced one day and at another time cut completely 

: for twenty-four hours. The patient responded with a blood sugar of 320 mg., 
CO, 25, and a blood sugar of 328 mg., CO, 23 respectively. The blood sugars 
were not especially high, but the acidosis was rather alarming. 

About six days after the rabbit serum was given, the patient developed 
insulin shocks in a very surprising manner. The insulin was very rapidly cut 
during the next two to three days, with other insulin shocks occurring. 
Within a period of one to two weeks the patient’s blood sugar was well con- 
trolled with from 100 to 150 U. of insulin daily. After about one month at 

this level the insulin requirement dropped further and in October, 1930, the 
insulin therapy was discontinued. After insulin was totally withdrawn from 
the patient, blood sugars were about 90 mg. The diet, therefore, was increased 
to contain 300 gm. of carbohydrate daily. This inerease was gradual and 
was made during a period of about five weeks. During that period the blood 
sugars averaged 85 mg. A few days later, November, 1930, the patient was 
discharged to the Out-patient dispensary and told to go on an unlimited ecarbo- 
hydrate intake. The dispensary blood sugars, on this regimen, averaged 
115 mg. In December it was decided to do a glucose tolerance test, as the 
means of checking her diabetic condition. The following data were obtained: 


Fasting 1% hr. 1 hr. 2 hr. 3 hr. 
Blood sugar, mg. 85 180 284 320 200 
Urine sugar, per cent {) 0.6 1.6 1.0 


It was obvious that the patient was still diabetic. Dispensary blood 
sugars for the month following the tolerance test averaged 125. The patient 
gained five pounds during this period. 

In view of the sugar tolerance and the rather high fasting blood sugars, 
patient was again put on a prescription diet, containing 150 gm. of earbo- 
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hydrate. The dispensary blood sugars for the following two months averaged 
126 mg. with one of them 140 mg. In view of these continued slightly elevated 
fasting blood sugars, the carbohydrate was cut to 120 gm., which diet she has 
remained on for the past fourteen months, until the present time. This diet 
contains 2050 calories, and has maintained her weight rather uniformly at 
about 116 pounds. 

Fasting blood sugars over this period were usually taken at a three-week 
interval, and have averaged 124 mg. One of these was 159 mg. which immedi- 
ately followed an attack of mild influenza. None of these sugars during this 
period have been under 108 mg. It would seem as if there was a tendency 
toward the aggravation of her diabetic condition. She is an intelligent per- 
son, and we believe, tends more or less faithfully to follow her prescription 
diet. It should be noted that during her stay in the hospital a gastric analy- 
sis showed no free hydrochloric acid present. She was put upon hydrochloric 
acid therapy and on complaint of gastric distress during her visit to the dis- 
pensary another gastric analysis was made. This showed a slight hyperchlor- 
hydria. The acid was discontinued. 







DISCUSSION 


There are many interesting speculations concerning this case, with very 
little information as to exactly what factors were concerned in producing the 
interesting changes noted. 

The patient was very obviously sensitive to insulin itself, as far as we 
could determine, and not to any contaminating products of a protein nature. 
It is generally coneeded that a total diabetic would probably not need more 
than 100 to 200 U. of insulin, under conditions where no coma or infection 
was present. In this case, as in other cases, attempts were made to find 
insulin in the urine, and this was unsuccessful. It is quite obvious then that 
the insulin was either combined or destroyed in the body. The tests indicate 
that the combination might have been of an immunologic nature. It would 
seem to be more probable that it is a combination of this nature rather than 
of a lack of some substance in the tissues, such as a muscle enzyme. 


The sudden drop of insulin requirement might have been entirely spon- 
taneous, but it is difficult to explain its occurring so soon after the injection 
of rabbit serum, if this were the case. It is, of course, possible that a non- 
specific protein reaction produced some reaction which was responsible for 
this sudden drop in insulin requirement. It is also possible that the rabbit 
serum contained some antibodies which might have combined with the sub- 
stance in the patient which had previously combined with the insulin. It is, 
however, most difficult to speculate at all concerning the nature of such anti- 
bodies. Therefore, it seems advisable to consider the case as one in which the 
refractory condition with regard to insulin was suddenly abated. The added 
information may only induce certain considerations with regard to its cause. 
The patient still remains sensitive to pig insulin, and is still a mild diabetic, 
which condition, at the present time, can be controlled by diet without insulin 
therapy. 
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SUMMARY 


A ease is presented of a patient who was both very sensitive and very 
refractory to insulin therapy. The refractory condition has disappeared, while 
the sensitivity persists to some extent eighteen months after withdrawal of 
insulin. 

The patient at one time required over 600 U. of insulin daily to prevent 
acidosis, although the fasting blood sugars were all over 200 mg. The patient 
has been without insulin for eighteen months, and although still diabetie is 
well controlled by a prescription diet. 

The refractory condition of the patient disappeared very suddenly about 
one week after the intramuscular injection of a rabbit serum, which may have 
contained antibodies, as the animal was sensitized to the patient’s serum plus 
insulin. 

We wish to express our thanks to Dr. William Kreidler, for doing the serologic work, 
and to Dr. Louis Tuft, for advice and aid in performing some of the immunologic reactions. 
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GLUCOSE TOLERANCE CURVES IN PULMONARY TUBERCULOSIS* 


OBSERVATIONS UPON ONE HUNDRED CASES 
Davip W. Kramer, M.D., PHILADELPHIA, PA. 
WITH THE TECHNICAL ASSISTANCE OF FREDA WARD 


HE relationship between tuberculosis and diabetes is by no means clear. 

The existence of the two diseases in an individual is not so uncommon as one 
might believe. When this combination is found, the history of the diabetic 
condition usually preeedes the onset of the tuberculosis. It is the exceptional case 
in which conditions are reversed, i.e., the development of diabetes mellitus in an 
individual who already has tuberculosis. Why the rarity? Is it possible that 
in tuberculosis there is present an overactivity or hyperfunctioning of the islands 
of Langerhans? This would no doubt give these patients a higher tolerance for 
carbohydrates and a lessened tendeney to diabetes. Lundberg’ seems to have 
taken this attitude. On the other hand, Langston? found that 20 of 29 patients 
(60 per cent) showed a Type I curve, i.e., a high blood sugar curve indicating 
diminished tolerance for carbohydrates. Rohdenberg, Bernhard and Kriebel* in 
their studies also reported that a Type I blood sugar curve was present in 60 
per cent of their patients with tuberculosis. John‘ in his study commented on 
the high incidence of diabetic curves in tuberculous individuals. MacLean and 
Sullivan’ found a normal toleranee for sugar in two children who had general- 
ized tuberculosis. 

The difference of opinion and the divergent blood sugar curves seem to 
indicate that the problem is a complex one. Considering the fact that diabetes 
is a rare development in tuberculosis, we were impressed with the fact that 
glycosuria, on the other hand, is not uncommonly found. The blood sugar in 
these patients as a rule is within normal limits. In such eases, the first impres- 
sion would suggest an alimentary or renal glycosuria. 

We felt that further studies were warranted and hoped that a study of the 
blood sugar curves after the ingestion of glucose may throw some light upon the 
problems mentioned above. 

One hundred patients suffering from pulmonary tuberculosis in various 
stages of the disease were selected at the Eagleville Sanatorium for the study. 
Two series were observed. One group (Series A) consisted of 50 patients who 
at one time or other showed the presence of glycosuria. Definitely established 
sases of diabetes were not considered. The second group (Series B) consisted of 
patients who never showed sugar in the urine. In other respects, the cases were 
unselected. 

*From the Department of Clinical Research, Eagleville Sanatorium. 
Received for publication, October 17, 1932. 
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The method of study and the interpretation of the blood sugar curves 
deserve some comment. After withdrawing blood, on a fasting stomach, the 
patient was given 1.75 mg. glucose per kilogram body weight. Samples of blood 
were subsequently taken from the vein thirty minutes, one and two hours after 
the ingestion of the sugar. The technie advocated by Folin and Wu’? was 
followed in making the blood sugar estimations, 

Specimens of urine were collected before and two hours after the test for 
analysis. 

The proper interpretation of the blood sugar curves was a problem. Unfor- 
tunately, there is no uniform classification. Suggestions for grouping the various 
curves have been offered by Langston, John, Hale-White and Payne,® and 
Mosenthal.? The types mentioned by Langston seem to be the most acceptable. 





80 8 
70 7 
30 min 1 hr urs 
Type I (a) ----- 
(dD) ceoee 
(c) 


Fig. 1.—Showing Type I, the high or diabetic curve. 


He refers to the eurves which reach 180 mg. or above and fail to return to normal 
levels at the end of the two hours as Type I. The normal curve, with its fasting 
level between 90 and 120 mg., rises to 160 and, at the end of two hours, returns 
to approximately the original figure, as Type II. ‘‘Type III begins within nor- 
mal limits, does not rise above the initial figure, and at the end of the test period 
is as low or lower than in the beginning. This is the type of curve we should 
expect to find in hypoactivity of the thyroid, suprarenals and pituitary glands.’’ 

After collecting 100 blood sugar curves in our studies of tuberculous 
patients, we had some difficulty in placing them in their proper categories. Ac- 
cepting Types I, II, and III suggested by Langston, subgroups were arranged 
so as to permit the different curves with variations to be classified more readily. 

In Type I, emphasis is made not only upon the height of the rise but also 
the level of the blood sugar at the end of the two-hour period. This is stressed 
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by Brill* and Kilduffe® and seems to conform with the consensus of opinion to- 


day. Type I ean be divided into three groups: a, b, and ec. In subgroup (a) 


the blood sugar rises to 170 or above the accepted ‘‘spilling point’’ 180 mg. with- 
in thirty to forty-five minutes and usually remains above this level at the end 
of the two-hour period; (b) the initial rise is usually between 160 and 170 mg. 
and may drop slightly but does not return to normal limits at the end of the test; 
(c) the blood sugar curve has a tendency to rise steadily, continues upward and 
fails to drop during the period of observation. The subgroups are plotted in 
Fig. 1. 

In Type II which embraces the normal groups, the fasting blood sugar con- 
forms to the normal limits from 90 to 120 mg. After the ingestion of glucose 
there is a rise at the end of thirty to forty-five minutes to about 160 mg., 


30 min. 


Type II: 
Fig. 2.—Showing Type II, the normal curve, 


the blood curve then returns to the original level or slightly below at the end of 
the two hours. This group may be termed as Type II-a. The blood sugar in some 
‘ases rises to 170 mg. or even higher, but gradually drops so that at the end 
of the test, the curve reaches normal limits. This group is labeled Type II-b 
(Fig. 2). 

In Type III we are dealing with curves of low range. Some are inclined 
to inelude them in the normal group. However, the mere fact that they are not 
diabetic curves does not necessarily mean that they are normal. When a definite 
amount of glucose is ingested it is presumed that a rise of blood sugar will re- 
sult even if it is only temporary. Should this fail to oceur then some explana- 
tion should be sought to explain this reaction which is not in line with the normal 
eurves described above. Thaysen and Norgaard’® define the low curve as one 
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characterized by the small height of its rise, approximately 40 mg. per hundred 
e.c. or less. It is also understood that the fasting blood sugar is at the lower 
normal level or below. However, in the classification offered in this paper, it 
is suggested that we include those who may have a fasting level of 120 or 130 
mg. but do not rise above this; on the contrary there is a drop to lower levels 
after the ingestion of glucose, as evidenced by our subgroup (b). Type III 
therefore may be divided into three subgroups: (a) in which there is a slight 
rise, less than 40 mg. and then a drop to lower levels; (b) in which the fasting 
blood sugar is within normal range and drops progressively down to subnormal 
levels and (¢) in which the sugar curve drops below the fasting level and later 
rises at the end of the two-hour period but the rise is not more than 40 mg. 
above the initial fasting level (Fig. 3). 


30 min. 
Type III: 


(Dd) cocce 
(ec) 


Fig. 3.—Showing Type III, the low curve. 


The blood curves were classified according to the groups or types suggested 
in Figs. 1, 2, and 3. Incidentally, it may be mentioned that the subgroups 
of the various types were selected from the sugar curves of the patients studied 
in the course of our observations. The following results were obtained: in 
Series A, there were 12 cases (24 per cent) showing Type I which may be re- 
ferred to as the diabetic curve; 28 cases (56 per cent) with a normal curve or 
Type II; and 10 cases (20 per cent) with a low curve, Type III. Collectively, 
there were 38 patients (Types II and III) who had nondiabetic curves. 

In Series B, the control group, there was a tendency to higher percentages 
of the nondiabetic curves, viz., 31 cases (62 per cent) with Type II and 14 eases 
(28 per cent) with Type III. Collectively, 45 patients out of 50 in this series 
had nondiabetie curves giving a percentage of 90 in comparison with the 76 
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TABLE I 


SHOWING NUMBERS AND PERCENTAGES OF THE DIFFERENT 
GROUPS IN SERIES A AND B 





SERIES A (GLYCOSURIA GROUP) SERIES B (AGLYCOSURICS ) onies. 
Type I (a 7 cases fa— 1 ease 
Diabetie <b — 2 eases 12 cases (24%) 2b -— 1 ease 5 eases (10%) 17 
|e - 2 cases e — 38 eases 
Type II {a — 20 cases {a — 17 cases 
Normal lb — 8 eases 28 cases (56%) l(b — 14 eases 31 cases (62%) 59 
Type III fa — 8 eases fa — 12 eases 
Low <b - 10 cases (20%) ~b— 1 case 14 eases (28%) 24 
1@< 2 eases ec — 1 ease 


per cent in Series A. Originally our object in studying a group of controls was 
merely to increase the number of cases for observation. There was little to 
choose between the patients in both series so far as the tuberculosis was con- 
cerned. The fasting blood sugars were similar; age, sex, and basal metabolic 
studies varied but slightly in the two groups. The deciding factor in their 
classification was the presence or absence of glycosuria. In the majority of the 
eases, sugar was found only onee. Despite this fine distinction between Series 
A and B, there is a higher percentage (24 per cent) of the diabetic curve and a 
much lower percentage of the nondiabetic curves (76 per cent in comparison 
with the 90 per cent) in Series A, the glycosuria group. 

Another point of interest is the tendency for the patients in Series A to 
‘*spill over’’ when the glucose tolerance test was performed. A glance at Table 
II shows 33 patients of Series A had glycosuria at the end of the two-hour 
period, a percentage of 66 in comparison with the 18 cases (36 per cent) of 
Series B. 

For convenience, an analysis of the 100 cases was made in reference to age, 
sex, family history of diabetes, history of glycosuria, and basal metabolism. This 
information is arranged in Table II. 

The total number of diabetic curves in both series was 17 or 17 per cent. 
This is much lower than the figures of Langston and Rohdenberg, et al. Langston 
reported 60 per cent high curves in tuberculosis with a slightly lower percentage 
(50 per cent) in incipient eases. Rohdenberg also mentioned finding Type I 
in 60 per cent of tuberculous patients. 

When one considers that we may expect to find a certain percentage of high 
curves even in groups of apparently normal individuals and add to this the fact 
that in the presence of infections there is a tendency to a lessened tolerance 
for carbohydrates, the findings of 17 per cent high curves in tuberculosis does 
not seem unduly excessive. 

The other side of the problem is: does tuberculosis in some way bring about 
an inereased tolerance for carbohydrates? It is impossible to answer this ques- 
tion without becoming involved in lengthy discussions which are not intended in 
this paper. Our object in making this study in tuberculosis was to observe 
how these patients would react to blood glucose tolerance tests and interpret our 
findings accordingly. 
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Low blood sugar curves occur in 5 per cent of normals according to the 
studies of Thaysen and Norgaard. They commented upon the dearth of litera- 
ture upon this subject and reported the frequency of low blood curves in sprue 
and Gee-Herter’s disease: 15 of 30 patients (50 per cent) presenting this finding. 
In our series of tuberculous patients, the presence of the low curve in 24 per 
cent seems to be significant. The explanation of this is not a simple matter and 
various theories may be offered. Is it due to a failure of the intestinal tract to 
digest the sugar, is it one of the manifestations of hypofunction of the endocrine 
glands or is there a hyperfunction of the islands of Langerhans? In Thaysen 
and Norgaard’s studies on steatorrhea, they were convinced that the sugar was 
utilized and that the low curves could not be explained on these lines. However, 
their experiences were not based on tuberculous patients. Shay™ noticed that 
in patients who had evidences of ileoceeal tuberculosis, there was a failure to 
fully digest carbohydrates, but tuberculous patients without this intestinal com- 
plication showed complete digestion of the sugars. However, there were no 
cases of ileocecal tuberculosis found in this group. 





It has been suggested that the low curves may be due to a hypofunetion of 
the ductless glands. In our observations the patients showed no evidences of 
endocrinopathies such as myxedema or hypopituitarism. Although basal 
metabolic studies were not performed on all of the patients, yet we were 
fortunate in having some records made. Basal metabolic studies were performed 
on 17 of the 24 patients in Type III with the following results: 6 cases were 
between +1 to +10; 4 cases were between +11 to +15; 1 case was between +16 to 
+20; 2 eases were 0; 4 cases were between —1 to —10. 

Since we cannot explain the increased frequency of this curve by a deficiency 
in the consumption of sugar or hypofunction of the endocrines, may it not be 
construed as an argument in favor of tuberculosis having some influence on the 
carbohydrate tolerance? Where or how this influence is exerted we are not pre- 
pared to say at this time. 

The question was raised as to whether or not tuberculosis has any effect 
upon the sugar tolerance curve. The patients were analyzed according to the 
type of tubereulosis, the state of their general condition and a comparison was 
made with the various blood sugar curves that they presented. There were 16 
incipient cases in the two series. None of the incipient cases had diabetic curves; 
10 showed normal curves and 6 had low curves. Of the 64 moderately advanced 
eases, 13 showed high blood sugar curves of the diabetic type, 35 were in the 
normal group and 16 had low curves. There were 18 patients who had a fairly 
advanced type of tuberculosis, 4 showed diabetic curves, 12 were normal, and 2 
were low. 

It may be of interest to note that those patients with the milder form of 
tuberculosis had no high blood sugar curves. Whether this means anything or 
not it is difficult to say. I doubt whether too much significance may be given 
to this, because if so, we would expect the larger number of high curves in those 
patients with the most advanced forms of tuberculosis, which is not true. 

As to the type of curve found in comparison with the patient’s condition: 
of the 65 patients who were improved, 7 showed diabetic curves, 39 had norma! 
curves, and 18 had low curves. Of the 26 cases of patients whose condition was 
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stationary, 5 had high curves, 17 had normal curves, and 6 were low. Of the 5 
retrogressing cases, 3 had high or diabetic curves and two were normal curves. 
Although the retrogressing cases showed higher percentages in the diabetic 
curves, the number is so small that I doubt whether any importance can be 
attached to it. 

In summarizing, it appears that the incipient cases are less apt to show 
high eurves but this may be due to the fact that this group consisted of younger 
individuals. The moderately advanced groups showed a slightly higher per- 
centage of diabetic curves than the far advanced. Of the low curves, the per- 
centage of the incipients was highest. 


SUMMARY AND CONCLUSIONS 


Blood sugar curves were studied in 100 tuberculous patients. These patients 
were unselected so far as the pulmonary disease was concerned. 

They were divided in two groups or series. Series A included those patients 
who at one time or other had glycosuria. The fasting blood sugars were in- 
variably of normal range. Diabetics were not included in this series. The 
control group was labeled Series B. 

Suggestions of classifying the blood sugar curves are offered. They may be 
grouped under three main types: Type I, the high or diabetic curve; Type I, 
the normal curve; and Type III, the low curve. 

There were 17 cases of the 100 studied showing a high or diabetie curve. 
Twelve of this number were found in Series A. Ejighty-three cases had non- 
diabetic eurves. Fifty-nine were normal and 24 showed low curves. 

The 17 per cent diabetic curves were much below the figures mentioned by 
some authors. 

The 24 per cent low curves impressed us as being significant. 

The influence of the state of the tuberculosis upon the blood sugar curve is 
indefinite. Although from our experience an occasional case of increased toler- 
ance for carbohydrates may be observed in the late stages of tuberculosis, we 
were unable to point out any direct bearing upon the blood sugar curves in the 
patients studied. 

While the number of cases studied is not large to draw definite conclusions, 
it would seem that the low percentage of diabetic curves and the comparative 
high percentage of low curves may be interpreted as an indication that tubercu- 
lous patients have a higher tolerance for sugar and may explain, in a way, the 
rarity of diabetes developing in tuberculosis. 

Grateful acknowledgment is expressed to Dr. A. J. Cohen, Medical Director of Eagle- 
ville Sanatorium, for his suggestions, courtesies, and cooperation. 
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CHOLELITHIASIS 


A STATISTICAL Stupy WiTH SpPEcIAL REFERENCE TO Its FREQUENCY 
IN THE COLORED RACE 


R. H. Jarré, M.D., Curcaco, Int. 


UMEROUS statistical studies have been devoted to the frequency of cho- 
lelithiasis, and since these statistics have been collected in different parts 
of the world certain information can be obtained as to the racial and geo- 
graphic distribution of the biliary calculi. In comparing the various statistics 
one meets with difficulties, however, because the material upon which they 
are based differs. Thus, some of the statistics have been collected from sur- 
gical clinies and laboratories while others make use of neecropsies. This latter 
material, too, is not uniform. It is well known that below the age of twenty 
years, gallstones are very rare, and pathologie institutes with a large number 
of autopsies on children will, therefore, show a much lower percentage than 
institutions which draw their material from infirmaries restricted to aged and 
chronically disabled patients. A disadvantage of many statistics is the failure 
to differentiate between the principal types of gallstones, the pathogenesis of 
which is different. Little attention is usually given to the changes in the gall- 
bladder which are of much significance. 

Considering first the statistics from Central Europe, in particular those 
from Germany, Austria, and Switzerland, the percentage varies between 8.52 
(Freiburg i. Br.) and 16.6 (Vienna) (Lotzin, W. Fischer, Kaufmann, Naunyn, 
v. Recklinghausen, Schretzenmayr, a.o.). The average is close to 10 per cent. 
Scheel reported from Denmark 11 per cent while the figures for Russia are 
much lower, namely 2.2 per cent (E. and M. Hesse). In Bosnia (Balkan) 
Kosti counted only 1.9 per cent. The British statistics speak of from 5.4 
(Midlesex Hospital—Colwell) to 8.4 (Leeds—Gross) per cent. 


*From the Department of Pathology of the Cook County Hospital, 
Received for publication, October 12, 1932, 
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For North America I quote the following figures: 


Mosher (Johns Hopkins) 6.94 per cent 
Mitchell (Chicago-Coroner ) 3.1 per cent 
Ophuels (Stanford) 7.1 per cent 
Ludlow (Cleveland) 6.97 per cent 
Mentzer (Mayo) 20.09 per cent 
Herter (New York Presbyterian) 7.6 per cent 
Ryerson (Canada) 4.0 per cent 


In Indian natives Rogers observed gallstones in 5.4 per cent. Ludlow, 
Mole and Van Gouder point to the rarity of gallstones among the Chinese 
(2.25 per cent) which also holds true for the Korean population (2.91 per 


a ew 


cent). Statistics from Japan quote figures between 3.5 and 6.8 per cent 
(Miyake, Murakami, Kido). 

The reports on the frequency of gallstones in the Negro race vary greatly. 
Garnier and Prieur assume that there are no differences in this respect be- 
tween the white and the colored race. Bloch (New Orleans), Gould and War- 
ren (Louisville), and Alden (Atlanta) are struck by the rare occurrence of 
biliary ealeuli in the Negro population of the Southern states. Mitchell did 
not find a case of cholelithiasis among 85 coroner autopsies on negro males. 
In the Canal Zone, Clark counted 2.2 per cent gallstones among negroes. In 
Cleveland, Ludlow found 3.08 per cent gallstones in the negroes and Mosher 
in Baltimore, 5.5 per cent. None of these statistics distinguishes between the 
different forms of stones. 

In order to obtain additional information about the frequency of gall- 
stones in the North American negro as compared to that in the white popula- 
tion, I have collected the data of 2621 autopsies on people over twenty years 
of age which were performed under my supervision between Jan. 1, 1929, and 
June 30, 1932. Special attention was given to the type of stone, the associated 
pathologic changes of the gallbladder and to the complications. The age 
groups below twenty were excluded since there was no ease of cholelithiasis 
among them. The calculation of the percentage on the basis of the total num- 
ber of autopsies (3633) would, therefore, have led to erroneous results. 

Among the 2621 autopsies there were 208 cases with gallstones or 9.03 per 
cent. Arranged according to race, sex, and age the frequency of gallstones 
was as shown in Table I. 

















TABLE I 
ee wee 8 =| 

AGE MALES FEMALES | MALES FEMALES 

: ‘Per Cent Per Cent Per Cent Per Cent 
21-30 0 5 0 3.28 
31-40 1.45 11.51 0.73 7.50 
41-50 4.24 21.90 0 12.24 
51-60 6.75 17.07 1.86 16.27 
61-70 11.20 29.03 4.34 25.0 
Above 70 13.90 24.44 6.66 20.0 
General Average 6.76 17.57 | 1.04 10.23 





The most striking difference is found when one compares the figures for 
the white and colored males. They show that biliary calculi are six times as 
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common in the white males as in the negro males. For the female sex the dif- 
ference is much less marked, the relation between the white and colored 
women amounting to 1.7:1. Practically all the statistics on gallstones stress 
the higher incidence in women pointing out that the stones are from 1.6 to 5 
times more common in females than in males. It is only in Japan that such 
sexual differences do not seem to exist (Miyake and Ishiyama). In surgical 
statistics the difference between males and females is even greater than in the 
necropsy material, the relation amounting to 1:8. Garnier and Prieur suggest 


that in the females gallstones are more apt to cause trouble than in the males. 


In none of the statistics have | found such a great difference as in my group 
of colored patients. While the relation between the white males and females 
was 1:2.5 it was 1:10 for the colored patients. 

As far as the age groups are concerned it appears that in both races gall- 
stones oceur earlier in the females than in the males in both sexes gradually 
increasing in frequency with progressing age. 

In both races the mixed cholesterol-bile pigment-calcium stones were by 
far predominating, but the bile pigment stones were more common in the 


negroes than in the white people: 


TYPE OF STONE WHITE COLORED 
Mixed 85.18% 78.26% 
Bile pigment 11.72% 17.38% 
Cholesterol 3.08% 1.34% 


Aecording to Miyake and Ishivama bile pigment stones are very common 
in Japan forming 65.19 per cent of the biliary ealeuli. In Duteh India, too, 
bile pigment stones are predominating (Langer). 

There were no racial or sexual differences as to the number and size of 
the gallstones. Multiple stones were five times as common as single stones, 
the majority of the gallbladders containing from 10 to 25 stones. Two-thirds 
of the stones were from 3 to 15 mm. in diameter and only in eleven cases were 
the stones larger than 30 mm. 

Kighty-nine (or 48 per cent) of the gallbladders with stones did not show 
any macroscopic changes save for an oceasional decreased transparency of the 
wall as result of thickening of the subserous fibrous laver. Mieroscopically 
ihese gallbladders could not be called normal except those with pure choles- 
terol stones. There was a more or less marked thickening of the fibrous laver 
between serosa and muscularis which, in some instances, was combined with 
small perivascular round cell infiltrations. The muscle fibers were often 
slightly hypertrophic and were separated by an increased amount of connee- 
tive tissue. The epithelial lined erypts of the mucosa often extended deeper 
into the wall than normally and the mucosa was atrophic. 

The remaining 119 gallbladders revealed different forms of grossly visible 
changes which were classified into eatarrhal cholecystitis, cholesterosis, uleera- 
tive cholecystitis, suppurative cholecystitis, scarring of the mucosa, diffuse 
searring of the wall and hydrops of the gallbladder. There were seven cases 
of carcinoma of the gallbladder. Among the two races and sexes the lesions 


of the gallbladder were distributed as shown in Table II. 
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TABLE IL 


OF 


MACROSCOPICALLY 
CHOLECYSTITIS 
CHOLECYSTITIS 
CHOLECYSTITIS 


UNCHANGED 
SUPPURATIVE 


CATARRHAL 
SCARRING 
SCARRING OF 
mo Sl WALI 
CARCINOMA 


% SIWUCOSA 


3 cases with surgical 


+ 


White Males 
White Females 
Colored Males 
Colored Females 


~ & CHOLESTEROSIS 


~1 co HYDROPS 


removal of the gall 
bladder 


tz 
I 


+ 


Table IL indicates that the gallbladders with slight and only microscopi- 
cally visible lesions are more common in the male sex than in the female sex, 
while in the female sex the more severe chronie¢ lesions predominate. 

In 12.9 per cent of the cases of cholelithiasis stones were also present in 
the extrahepatic bile ducts, namely in the common duct 17 times, in the eystic 
duct 13 times, in the papilla 6 times and in the hepatie duet twice. There 
were two cases in which the wall of the gallbladder contained numerous small 
faceted stones which were impacted into diverticula-like outpouchines of the 
wall and protruded over the serosal surface. 

Perforation of the eallbladder occurred 10 times. In four instances the 
gallbladder communicated with the first portion of the duodenum. In two 
female patients with cholecystoduodenal fistulas a large stone had entered the 
intestine causing death from intestinal obstruction, There were two cases of 
pericholecystic abscesses following perforation of the gallbladder. In one in- 
stance the gallbladder had broken into the liver and had caused the forma- 
tion of a large liver abscess. In another ease was found an abnormal com- 
munication of the pus and stone filled gallbladder with the common duct. 
These two types of perforation are considered as very rare by Rolleston and 
MeNee. One gallbladder with a ruptured aneurysm of the eystie artery had 
perforated into the abdominal cavity with fatal hemorrhage into the latter 
(S. R. Rosenthal). There was also a case of biliary peritonitis in whieh the 
bile had escaped from the tremendously distended gallbladder through several, 
only microscopically visible openings. 

It has often been stated that gallstones are the most important predispos- 
ing factor for malignant tumors of the gallbladder and extrahepatic bile 
duets. In from 60 to 95 per cent of the cases of carcinoma of the gallbladder 
biliary calculi have been found. Gross found gallstones in 55.5 per cent of 
his eases of carcinoma of the extrahepatic bile ducts. The question, however, 
whether the stones are not secondary to the tumor formations still remains 
open. In my material 70 per cent of the cases of carcinoma of the gallbladder 
were associated with gallstones and only 16 per cent of the carcinomas of the 
extrahepatic bile ducts showed this combination, The total incidence of malig- 
nant tumors of the extrahepatic bile tract (gallbladder and ducts) amone the 
patients with gallstones was 4.29 per cent which was four times the incidence 


of the patients without stones. Other statistics give figures between 1.04 and 


12 per cent. 
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In 26 instances or 12.5 per cent of the cases with biliary calculi death was 


directly or indirectly due to the stones. The mortality rate was decidedly 
higher in the white patients than in the negroes the relative figures being 18.2 
and 6.2 per cent. The most common cause of death was suppurative or ulcera 
tive inflammation of the gallbladder (16 eases). Impaction of a stone in the 
papilla Vateri was next in frequency (6 cases). Two cases of intestinal ob 
struction by gallstones and a ease each of fatal hemorrhage and biliary peri 
tonitis have been previously mentioned. Because of the still unsettled ques- 
tion as to the relation between cholelithiasis and carcinoma of the gallbladder 
and extrahepatic bile ducts | have excluded these tumors in ealeulating th: 
death rate for the biliary caleuli. 

Because of the frequency of gallstones as a casual finding, it will be in 
teresting to investigate whether certain extrahepatie diseases are more often 
associated with stone formation in the gallbladder than others. There are, 
especially, three conditions which have often been linked with biliary ealeuli 
since they seem to bear evidences of a disturbed cholesterol metabolism, 
namely atheromatosis, carcinoma, and diabetes mellitus. Mosher found ath 
eromatosis in 45 per cent of his cases of cholelithiasis and Chauffard observed 
this combination in 26.5 per cent. In Gross’ material the general percentag: 
of atheromatosis was 51.8 per cent while it was 71.8 per cent in the cases o! 
gallstones. Pure cholesterol and mulberry stones were mueh more often com 
bined with atheromatosis than the mixed stones. I am giving a list of the 
frequeney of atheromatosis in the patients with and without gallstones, whiel: 
shows that it is only in the males that slight differences ean be noted 
(Table IIIT). 


TABLE III 


FREQUENCY OF ATHEROMATOSIS IN PATIENTS 
2 


WITH GALLSTONES WITHOUT GALLSTONES 
White males 44.9% 32.0% 
White females 20.9% 21.7% 
Colored males 33.3% 19.2% 
Colored females 17.5% 18.6% 


Musser stated that malignaney anywhere in the body favors the forma 
tion of stones in the gallbladder and also Schretzenmayr and Lotzin point to 
the frequent combination of gallstones with carcinomas cutside the biliary 
traet. Gross, on the other hand, says if anything patients with biliary caleul! 
are slightly less liable to cancer than normal persons. Among my eases 0: 
cholelithiasis there were 40 incidences of carcinoma outside the biliary tract 
or 20 per cent as compared to 18 per cent in the other cases. This difference 
is much too insignificant as to indicate a greater disposition of the patients 
with gallstones to carcinoma. In this connection it may be mentioned that 
there exists a certain antagonism between atheromatosis and carcinoma (Cas 
per). There were four cases of diabetes mellitus with gallstones (8.3 per cent 
which is in accordance with the statement made by Rolleston and MeNee that 
diabetes has no tendency to produce cholelithiasis (see, however, Aschofi 


and Gross). 
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Obesity has often been considered as an important predisposing factor 
for biliary ealeuli. Gross found the average body weight of the patients with 
gallstones to be decidedly higher than that of the patients free from stones. I 
refrain from giving figures of the body weight because autopsy material is of 
no significance in this regard. 

Of the other pathologie changes, those of the liver and pancreas are of 
importance. Biliary cirrhosis was observed in 6 eases or 3 per cent, and 
atrophie cirrhosis was found three times. Dufour has recently pointed to the 
rare combination of alcoholic cirrhosis with cholelithiasis for whieh he ad- 
vances the odd theory that the aleohol may keep the cholesterol in solution. 
There were only three cases of pancreas apoplexy among the 208 patients 
with gallstones. The frequeney of cholelithiasis in patients with cardiae dis- 
eases stressed by Brockbank is not evident in my material. [ cannot com- 
ment on the statement made especially in the British literature that gallstones 
are particularly common among inmates of psychopathie hospitals (Candler, 


Flemming, Keay, a.o.) since my observations are too limited in this regard. 
DISCUSSION 


The statistics presented in this paper indicate that in the white popula- 
tion of Chicago cholelithiasis is more common than in the negroes. This racial 
difference manifests itself chiefly in the males while in the females it is much 
less striking. Three factors have been associated with the etiology of the most 
common and most important type of gallstones, the mixed cholesterol-bile 
pigment-calcium stone, namely infection, biliary stasis and diets rich in fat. 
It has been said that the low incidence of biliary caleuli in certain parts of 
the world is due to the vegetarian diet and strenuous outdoor life of their 
population. The frequency of gallstones in patients with heart diseases or 
depressive psychosis has been attributed to their sedentary life which favors 
biliary stasis. 

The material upon which my observations are based is uniform and [ do 
not think that there are sufficient differences in the diet, occupation, or mode 
of living between the white and colored patients of the large charity hospital 
of Cook County as to account for the greater disposition to biliary calculi in 
the white patients. It is difficult to conceive that infections of the gallbladder 
should be more common in the white race than in the colored race, no other 
infection showing such racial differences. The mability to find a satisfactory 
explanation in the light of the most favored theories on the formation of 
gallstones draws attention to additional factors which have been recently 
brought out by Westphal and Aschoff, namely the importance of nervous and 
endocrine influences upon the tonus and the emptying of the gallbladder. In 
the female sex the predisposing functional influences are apparently so marked 
that they compensate for the racial differences. Observations on the living 
patients, especially comparative studies on the emptying of the gallbladder 
between white individuals and negroes will have to decide whether the sug- 
gestions made on the basis of anatomieal findings can be maintained. 
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SUMMARY 

A statistical study on the frequency of gallstones in the white and col- 
ored patients of a large charity hospital shows that in the white males these 
stones are much more common than in the negroes. In females this differ- 
ence is much less pronounced, The various theories on the etiology of the 
vallstones are briefly discussed in the light of these findings. 
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A STUDY OF THE TOTAL AND ULTRAFILTRABLE CALCIUM AND 
THE ACID-SOLUBLE PHOSPHATE CONTENT OF THE BLOOD 
SERUM OF FOUR HUNDRED AND TWENTY-TWO 
HEALTHY CHILDREN* 


MARION SMOOT NEEDELS, A.B., AND CARL Mauritz Marpera, Pu.D. 
Cnicaaco, Int. 


A STUDY of the ealeium and acid-soluble phosphate content of blood serum 
of a large group of children might be of some value because of the possible 
relationship between these values, calcium and phosphorus metabolism, and 
bone development. It was also thought that there might be a relationship be- 
tween the incidence of dental caries and the calcium and acid-soluble phosphate 
content of the blood serum. The work to be reported in this paper is part of 
an extensive nutritional study undertaken on 422) children at Mooseheart, 
Illinois by the Otho S. A. Sprague Memorial Institute, the University of Chicago, 
and the Chicago Dental Research Club under the direction of Milton Theo. 
Hanke.' 

There were two groups of children; namely, a test group (323) and a con- 
trol group (99). The test group was ingesting the standard Mooseheart diet 
for one year (control period) and received a pint of orange juice and the juice 
of one lemon per day in addition to the standard Mooseheart diet during the 
second year’(test period). The control group received only the standard diet. 
The children were all living under identical conditions and they were all in 
00d health. The total calcium and acid-soluble phosphate content of the blood 
serum were determined at six-month intervals during a two-year period on the 
test group (5 determinations per child) and during a one-year period on the 
control group (2 determinations per child). The ultrafiltrable caleium content 
of the blood serum was determined for all of the children (422) during a one- 
vear period (2 determinations per child). 


EXPERIMENTAL METHODS 


Treatment of the Sample—Blood (20 ¢..) was drawn from the median 
basilie vein of each of the children at six-month intervals. The blood was im- 
mediately defibrinated in a small pyrex beaker by gently stirring with a glass 
rod. The defibrinated blood was promptly placed in 15 ¢e. pyrex centrifuge 
tubes and centrifuged for fifteen minutes, at about 1500 revolutions per minute. 
The clear serum was immediately removed by means of a pipette, transferred to 
a small pyrex tube, and transported to the laboratory. 

Determination of Total Calcium and Acid-soluble Phosphate.—Exactly 3 
e.e, of the serum was slowly pipetted into 12 ¢.c. of 10 per cent trichloracetie 


*KFrom the Otho S. A. Sprague Memorial Institute and the Department of Pathology, 
University of Chicago, Chicago, Illinois. 
Received for publication, Oct. 6, 1932. 
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acid solution with constant agitation. The mixture was allowed to stand for 
fifteen or twenty minutes, and then filtered through a Whatman No. 40 filter 
paper. The elear filtrate was used for the determination of total caleium and 
acid-soluble phosphate. 

Calcium was determined by the method of Roe and Kahn? with the follow- 
ing modifications: Centrifugalizations were conducted for four minutes instead 
of two minutes as recommended by Roe and Kahn. This produces a firm mat of 
tricalcium phosphate which is not disturbed by the subsequent decantation and 
drainage. We have found it advisable to allow twenty to twenty-five minutes 
for drainage instead of two minutes as reeommended by Roe and Kahn. 








| 
| 
| 
| 
| 
| 


View of the ultrafiltration rack, showing also, in the lower rack, the method of forma- 
tion of the membranes. 








The technic and the quality of the reagents were checked each week by 
conducting an assay on a standard solution of CaCl,. Powdered calcite, 62.500 
mg., that has been dried for three hours at 110° C., is dissolved in the theoretical 
amount of dilute HCl. The solution is diluted to 250 ¢.c. in a Normax volumetric 
flask and preserved with toluene. This standard ealeium solution contains 0.1 
mg. calcium per ¢.c. For the test, measure 1.00 ¢.c. of this solution (by pipette) 
into a 15 «.c. graduated Pyrex centrifuge tube. Add 4 ¢.c. of a 10 per cent 
solution of trichloracetie acid. Proceed from this point as in determining the 
ealeium content of serum. The greatest average inaccuracy of this method 
3 per cent. 

Acid-soluble phosphate was determined by the method of Fiske and Sub- 
barow® on a 5 ee. portion of the trichloracetie acid filtrate. The color was 
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developed with 1, 2, 4—aminecnaphtholsulphonie acid; but this was prepared 
aeeording to Roe and Kahn. There were no other modifications. The error 
appears to be largely colorimetric and seldom exceeds 2 per cent. 

Determination of Ultrafiltrable Ca.—The method used for the determination 
of the ultrafiltrable calcein content of the sera is a modification of the methods 
of Moritz* and of Greenberg and Gunther.’ 

Apparatus—The units of apparatus were exactly the same as those em- 
ployed by Moritz. These were arranged in a specially constructed rack capable 
of holding 90 such units (Fig. 1). These units were then connected to the 
vacuum lines by means of rubber tubing equipped with pinch clamps. The 
vacuum lines were connected to a 30-gallon reservoir. A negative pressure of 


150 mm. He. is maintained in the 30-gallon reservoir by means of a Ceneco 











Fig. 2.—‘‘Relay” 1, 1 mfd. condenser, one in each circuit ; 2, solenoid—\ Ib. B & S. No, 28 
copper wire; 8, ““‘Time-O-Stat” mercury contactor; 4, 40 W. bulb, in series with manometer con- 
tacts and solenoid ;'5, connection to manometer contacts; 6, connection to 110 v. D. C. manometer 
circuit; 7, connection to 110 v. A. C., pump circuit; 8, connection to Cenco ‘“Megavac” pump. 
Megavae pump. Operation of the pump is controlled by a specially designed 
relay that is illustrated in Fig. 2. The pressure variation was never more than 
‘0.5 mm. mereury. 

Membranes.—We found it difficult, at first, to prepare membranes that were 
uniformly permeable. The method finally adopted, which appears to be quite 
satisfactory and which has enabled us to prepare membranes of uniform 
permeability repeatedly, was as follows: Soluble cotton (nitrocellulose) which 


was purehased from Charles Cooper & Co., New York City, was plucked by hand 


and allowed to air-dry overnight. It was dried at about 40° C. for twelve or 
more hours. One hundred grams of this material was placed in a 2-liter flask, 
500 e.e. of 95 per cent aleohol was added (the aleohol is prepared by dilution 
of absolute alcohol with distilled water), and then 500 c¢.e. of absolute ethyl 
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ether. This mixture was agitated until all of the soluble cotton had dissolved. 


The mixture was allowed to stand until the insoluble suspended particles had 
settled and then the clear supernatant liquid was decanted into 200 ¢.¢. Erlen- 
mever flasks, which were kept tightly stoppered until used. 

The membranes are formed by pouring the soluble cotton solution in a small 
stream into 10 by 100 mm. pyrex test tubes. Two test tubes are filled at a time. 
The tubes are inverted and rotated until they have almost ceased to drip; they 
are clamped into position as illustrated in the lower rack of Fig. 2; the time is 
recorded and the partially solidified drippings are removed from the outlet of 
the test tube, from time to time, with a pair of forceps. It is imperative that 
the outlet be kept open throughout the drying period of exactly ten minutes. 
Remove the tubes from the rack and immerse in triple distilled water for thirty 
minutes. The transparent membranes are removed from the tubes, tested for 
leaks (by filling with triple distilled water, closing the orifice, and applying 
pressure), and cut to a length of 70mm. The finished membranes are filled with 
and immersed in triple distilled water and placed in the refrigerator overnight. 
They are ready to use on the following day. 

The Ultrafiltration Process —A membrane is remoyed from the dish and 
pressed in folds of clean white surgical gauze. The collapsed tube is reopened 
by directing a sharp foreeful expiration at the orifice of the tube. Introduce 
exactly 3 ee. of blood serum into the membrane. Lubricate stopper R* of the 
ultrafiltration unit by applying a small amount of a 5 per cent solution of 
soluble cotton in aleohol-ether. Slip the membrane into place and tie with white 
silk thread. Attach the empty 15 ¢.¢. graduated pyrex centrifuge tube and clamp 
the apparatus into place on the raek. 

It was necessary, in this investigation, to conduct a large number of ultra- 
filtrations. The ultrafiltration units were, therefore, colleeted on the rack under 
atmospheric pressure and evacuated as a group. Ultrafiltration is continued for 
four hours. The filtrates should be clear and colorless and usually have a volume 
of 1.7 to LS ee. Turbidity or color indicates leakage. 

Detcrmination of Calcium and Acid-soluble Phosphate in the Ultrafiltrate. 

Add 12 ¢.¢. of a 10 per cent solution of trichloracetie acid to the ultrafiltrate 
and dilute to 15 ¢«.¢. with triple distilled water. Mix thoroughly by repeated in- 
version against a clean rubber thumbeot. The ealeium and phosphate content 
of this liquid is determined on 5 ¢.c. portions, using the methods previously 
deseribed. 

Calculation of the Ultrafiltrable Calcium) Value—Rona and Takahashi' 
have shown that all of the phosphate of horse serum is diffusible by compensation 
dialysis. Neuhausen and Pincus’ have shown that all of the phosphate of hog 
serum is ultrafiltrable. Pimeus, Peterson, and Kramer* state that human serum 
phosphate is completely diffusible. We have conducted experiments which show 
that the acid-soluble phosphate of human serum is completely ultrafiltrable. 
We make use of this facet in the ealeulation of the ultrafiltrable calcium content 


of the serum. 


*See diagram of Moritz (loc. cit.) 
























NEEDELS-MARBERG : OF CONTENT OF BLOOD SERUM 125 





A STUDY 





We have determined the total caleium and acid-soluble phosphate content 
of the serum and the ealeium and phosphate content of the ultrafiltrate. All of 
the acid-soluble phosphate and a certain amount of the ealeium are ultrafiltrable. 
The ultrafiltrate will, therefore, contain a given fraction of the total acid-soluble 
phosphate and should contain an identieal fraction of the total ultrafiltrable 
caleium. The total ultrafiltrable caleium ean, therefore, be readily caleulated 
from the formula: 
T+] PD 

P in si x Ca in ultrafiltrate = Total ultrafiltrable Ca. 
This method of ealeulation avoids empiric corrections for the amount of water 
introduced by the moist membrane, and for the volume of the proteins and 
other nonultrafiltrable substances that are present in the serum, beeause any 
effect that these substances may have would be equally applicable to the phos- 
phate and to the ecaleium. 
RESULTS 


Determinations of the total ealeium and acid-soluble phosphate of the blood 
serum of private dental patients indicated that the phosphate content of the 
serum became lower as a child reached maturity and the caleium content of the 
serum appeared to show some seasonal variation. Table [ is a summary of our 
Mooseheart data arranged so as to show variations of the calcium and phosphate 
with age, and in the spring and fall of the respeetive vears. 

The ealeium values, while the children were ingesting the standard Moose- 
heart diet, were rather consistently lower in spring than they were in fall. A 


TABLE I 


’ 
TOTAL CALCIUM AND ACID-SOLUBLE PHOSPHATE (CALCULATED AS P) CONTENT OF TITE BLOOD 
SERUM OF 322 CHILDREN CHARTED BY AGE GROUPS 


STANDARD MOOSEHEART 
DIET PLUS Ll PINT ORANGE 


STANDARD MOOSEHEART DIET 
JUICE AND JUICE OF 1 


AGE NUMBER LEMON PER DAY 
OCTOBER, OF OCTOBER, APRIL, OCTOBER, APRIL, OCTOBER, 
1929 CHILDREN 1929 1930 1930 1931 1931 
| TOTAL TOTAL TOTAL TOTAL, TOTAL 
ca P ca P ca P ca | P ca } P 
MG. %o| MG. Yo | MG. Yo| MG. Yo| MG. WIMG. WimMa@. YiMa. %IMa. %IMGa. % 
—_ — Boys ; 
“io | 4% | 10.79} 4.60 | 10.40] 4.58 | 10.871 4.27 [10.36] 4.70 | 10.53] 4.59. 
11 14 10.48 | 4.67 | 10.09 | 4.61 | 10.74) 4.50 | 10.85) 4.68 | 10.89} 4.49 
12 17 10.46 | 4.50 | 10.07 | 4.55 | 11.05 | 4.51 | 10.75] 4.87 | 10.93] 4.68 
13 23 10.41} 4.65 | 10.14] 4.76 | 10.77 | 4.44 11.05) 4.76 | 10.62) 4.50 
14 16 10.91 | 4.88 | 10.22 | 4.75 | 10.88 | 4.22 | 10.89} 4.60 | 10.68] 4.28 
15 16 10.02 | 4.81] 9.98 | 4.86 | 10.76 4.38 | 10.69] 4.19 | 10.49} 3.92 
16 17 10.52 | 4.77 | 10.10} 4.59 | 10.79 | 4.26 | 10.82} 4.18 | 10.89} 3.83 
— a Girls — 
di~—™s—~<Sst‘(ststCSSS~*é«*;:«a2'7D| 4.80 | 10.52] 4.80 | 10.43. | 4.44 | 10.48] 4.56 | 10.74] 4.25 
12 28 11.03 | 4.54 10.39 | 4.57 | 10.76 4.62 | 10.39 | 4.39 10.68 | 4.11 
13 39 10.83 | 4.46 | 10.43 | 4.43 | 10.98 | 4.28 | 10.36! 4.11 10.65 | 3.938 
14 | 16 11.13 | 4.23 | 10.32 | 4.17 | 10.99 | 4.16 | 10.46! 3.99 | 10.68| 3.92 
15 59 11.16) 4.16 | 10.24 | 4.07 | 11.00 | 4.10 | 10.46} 3.89 | 10.66! 3.78 
16 27 10.80} 3.89 | 10.13 | 3.99 | 10.66 | 3.88 | 10.65 | 3.82 | 10:47 | 3.78 
1 10.44 | 4.01 | 10.17 | 3.95 | 10.99 | 3.89 | 10.23 | 3.84 | 10.30} 3.98 
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seasonal variation in the calcium content of the serum did not oceur in the ease 
of the boys and was not very definite in the ease of the girls, when orange and 
lemon juice was added to the daily diet. The acid-soluble phosphate content 
of the blood serum appears not to be subjeet to seasonal variations. The 
phosphate value is definitely lower in the more mature age groups. The values 
in the table suggest a fairly smooth decline in the phosphate value with in- 
creasing age in the ease of the girls and no change at all in the ease of the boys 
until they have reached the age of seventeen. Even then the decrease is not very 
definite in the ease of the boys. 

The results obtained particularly by Mellanby and Pattison® indicate that 
a correlation may exist between caleium and phosphorus metabolism and dental 
caries. We have attempted to correlate the total calcium and acid-soluble phos- 
phate values of the blood serum with the incidence of dental caries. The results 
are tabulated in Table II. 


TABLE II 


AN ATTEMPT TO CORRELATE THE TOTAL CALCIUM AND ACID-SOLURBLE PHOSPHATE (CALCULATED 
AS (P) CONTENT OF THE BLOOD SERUM WITH THE INCIDENCE OF DENTAL CARIES 


NUMBER OF TOTAL 
CHILDREN ca MG. % P 


End of Control Period (October, 1930) 

(Standard Mooseheart diet) 
Never any caries 15 10.52 
No caries for one year 52 10.94 
Active progressive caries 256 10.90 


End of Test Period (October, 1931) 


(Standard Mooseheart diet plus 16 0z. orange juice and the juice of 1 lemon per 


Never any caries : 10.60 4.30 
No earies for two years 3: 10.62 4.10 
Arrested caries ) 10.65 4.04 
Active progressive caries 2 10.71 3.99 


The values for the group marked ** Never any earies’’ can hardly be taken 
as representative because there were only 15 children in this group and the in- 
dividual differences were great. The values for the other groups are practically 
identical for any given period. We must conclude, therefore, that there is no 
correlation between the total caleium and acid-soluble phosphate content of the 
blood serum and dental earies. 

It was, of course, possible that the ultrafiltrable calcium had undergone 
changes even though the total ealeium value was identical regardless of the inei- 
dence of dental caries. We decided, therefore, to determine the amount of ulta- 
filtrable caleium and these determinations were conducted on all of the children 
during the second year of the study period. Three hundred and twenty-three 
of these children were receiving orange and lemon juice in addition to the 
standard diet during this period, 99 of the children were ingesting the standard 
diet but did not receive any additional citrus fruit juice. The values are sum- 
marized in Table III. It is quite obvious, from this table, that there was no 
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TABLE III 


AN ATTEMPT TO CORRELATE THE TOTAL AND ULTRAFILTRABLE CALCIUM CONTENT OF THE BLOOD 
SERUM WITH THE INCIDENCE OF DENTAL CARIES 
| NUMBER APRIL, 1931 OCTOBER, 1931 
OF | ca IN MG. % ca IN MG. % 
CHILDREN TOTAL ULT. TOTAL ULT. 
Test Group 
(Standard Mooseheart diet plus 16 oz. orange juice and the juice of 1 lemon per day) 
Never any caries | 15 | 10.57 5.70 10.60 6.08 
No caries for two years 35 10.63 5.95 10.62 6.03 
Arrested caries 161 10.60 5.81 10.65 5.99 
Active progressive caries 112 10.52 5.85 10.71 6.07 
Control Group 
(Standard Mooseheart diet. No additional orange or lemon juice) 
Never any caries | 3 10.50 5.6 10.41 6.76 
No earies for six months 29 10.41 5.65 11.20 6.11 
Active progressive caries 67 10.29 5.7 11.14 6.10 


correlation between the total or ultrafiltrable calcium content of the serum and 
the ineidence of dental caries. 

A comparison of the test group with the control group shows that the in- 
gestion of orange and lemon juice had no effect upon the ultrafiltrable ealeium 
content of the blood serum. 


SUMMARY 


1. The total and ultrafiltrable calcium and the total acid-soluble phosphate 


content of the blood serum of a large group of children is reported. 

2. There were two groups of children; namely, a test group (323) and a 
control group (99). The test group were ingesting the standard Mooseheart 
diet for one year (control period) and received a pint of orange juice and the 
juice of one lemon per day in addition to the standard Moosecheart diet during 
the second year (test period). The control group received only the standard 
diet. The children were all living under identical conditions and they were all 
in good health. The total caleium and acid-soluble phosphate content of the 
blood serum was determined at six-month intervals during a two-year period on 
the test group (5.determinations per child) and during a one-year period on the 
control group (2 determinations per child). The ultrafiltrable calcium content 
of the blood serum was determined for all of the children (422) during a one- 
vear period (2 determinations per child). 

3. The ealeium values, while the children were ingesting the standard 
diet, were rather consistently lower in spring than they were in fall. A seasonal 
variation in the ealeium content of the serum did not oecur in the ease of the 
boys and was not very definite in the case of the girls when a pint of orange juice 
and the juice of one lemon was added to the daily diet. 

4. The acid-soluble phosphate content of the blood serum appears not to 
be subject to seasonal variations but is definitely lower in the more mature age 
groups. 

5. There is no correlation between the total or ultrafiltrable calcium or 
total acid-soluble phosphate content of the blood serum and the incidence of 
dental caries. 
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DIMETHYLAMINOBENZALDEHYDE TEST FOR 
ATROPINE*t 


A STUDY OF THE 


ARLIE A. O’KELLY, PH.D., AND CHARLES F. Por, Po.D., Bou.prer, Coo. 


A NUMBER of investigations have shown that some of the color tests for 
the various alkaloids are not specific. Levine! has reported that many 
phenols give the same color reaction with selenious-sulphurie acid reagent as do 
some of the alkaloids. Levine and Magiera? found the same to be true for the 
formaldehyde-sulphurie acid reaction for the opium alkaloids. Poe and co- 
workers® have found a number of organie compounds which give characteristic 
color reactions with different alkaloidal reagents. 

One of the most recent tests proposed for atropine is the use of para- 
dimethylaminobenzaldehyde dissolved in sulphurie acid. Atropine, when treated 
with this reagent and heated, gives a red color which soon changes to a reddish 
violet. The test was proposed by Wasicky* in 1915. He tested a number of 
alkaloids, and found that the same test was given by hyoseyamine and scopol- 
amine. The colors obtained by several other alkaloids were recorded. Ekkert® 
confirmed the work of Wasicky. 

No record could be found where various organic compounds other than a 
few alkaloids had been tested with this reagent. The object, therefore, of the 
investigation reported in this paper was to test a large number of organic ecom- 
pounds with: the dimethylaminobenzaldehyde reagent in order to determine 
whether or not there was any great number of substances which would give the 
atropine test, and whether this test was characteristic of any given organie group- 
ing or class of organic compounds. Also, these compounds were mixed in vary- 
ing amounts with atropine, and the test applied in order to determine which 
substances would interfere with the reaction. 


PROCEDURE 


Preparation of para-Dimethylaminobenzaldchyde Reagent.—Two grams of 
the aldehyde were dissolved in 6 gm. of chemically pure concentrated sulphurie 
acid, then 0.4 ¢.c. of water was added. 

Preparation of Standard Atropine Solution —A solution was prepared in 
aleohol containing one milligram of atropine per cubic centimeter, 

Preparation of Solutions to Be Tested —The compounds to be tested were 
dissolved in the proper solvent so that 1 ¢.e. of the solution was equivalent to 
1 milligram of the compound. Care was taken in selecting a suitable solvent 
which would not only readily dissolve the compound, but would also volatilize 
on the water-bath. 





*From the Chemistry Departments, Tennessee State Teachers College and University of 
Colorado. 

Received for publication, October 10, 1932. 

+Presented before the Denver meeting, American Chemical Society, August, 1932; released 
for publication September 19, 1932. 
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Procedure of Tests——Three tests were made on each compound. For thx 
first test, 1 ¢.c. of the solution to be tested was evaporated to dryness and then 
treated with two or three drops of the reagent, warmed on the water-bath for five 
minutes, and any color change was recorded. Any colors which developed befor: 
heating were also recorded. In the tables these are indicated with the words 
‘in eold.’* In the second test, 1 ¢.¢. of the solution to be tested and 1 ©¢.¢. o/ 
standard atropine solution were mixed and the test made as deseribed above 
If there was no interference, a reddish violet color resulted. The third test was 
carried out as above, exeept that 5 ¢.c. of the solution of the organie compound 
were used with 1 ¢.c. of the atropine solution. 

The results of the tests when the organic compounds were treated with th 
reagent are given in the pages immediately following. The name of the organic 
compound is given first, and directly opposite is given the color reaction. In 
cases where no color other than that eaused by the reagents was developed, th« 


compounds are listed with the statement, ‘‘No color reaction. ’’ 


ALKALOIDS AND ALKALOIDAL SALTS 


Organic Substances 


Apomorphine 
Atropine 
Belladonnine 
Berberine 
Brucine 
Cryptopine 
Daturine 
Delphinine 
Emetine 
Heroine 
Hyoscyamine 
Morphine 
Nareeine 
Nareotine 
Papaverine 
Piperine 
Quinidine 
Sanguinarine 
Scopolamine 
Solanine 


Veratrine 


Color Reaction 


Dark brown 

Reddish violet 

Violet in cold 
3rownish green 

Red 

Green 

Brownish violet 
Brown 

Dark brown 
Brownish violet 
Reddish violet 

Rose violet to brown 
Orange 

Brown 

Orange 

Greenish brown 
3rown, trace violet 
Orange brown 

Rose violet 

Reddish violet in cold 


Brownish violet 


No Color Reaction.Aconitine, caffeine, cinchonidine, cinchonine, cocaine, codeine, col- 


chicine, cotarnine hydrochloride, dionine, ergotine, beta-eucaine hydrochloride, gelseminine, 


homatropine, hydrastine, nicotine, pelletierine, phenaeaine, physostigmine, philocarpine, pseudo 


pelletierine, quinine, sparteine, strychnine, theobromine, theophylline. 


AMINO ACIDS AND DERIVATIVES 


Acetylphenylglycine Brown, trace violet 
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No Color Reaction.—Alpha-Alanine, para-aminophenylglycine, arginine, asparagine, as- 
partie acid, dl-benzoylalanine, betaine hydrochloride, creatine, creatinine, diiodotyrosine, 
edestine, ethylglycollate, glutamie acid, glycine, glycyltryptophane, hippuric acid, isoleucine, 
leucine, para-nitrophenylglycine, alpha-phenylalanine, beta-phenylalanine, phenylglycine, tryp- 
tophane, tyrosine, dl-valine. 


ALIPHATIC ACIDS 





Malice acid Brown, trace of violet 
Monochloroacetie acid Green 


No Color Reaction.—Adipie acid, alpha-bromopropionic acid, beta-bromopropionic acid, 
formie acid, fumarie acid, levulinie acid, maleie acid, malonic acid, mucie acid, palmitie acid, 
propionic acid, stearic acid, succinic acid, tartarie acid, trichloracetie acid. 

ALIPHATIC ACID SALTS, ESTERS, AND DERIVATIVES 


No Color Reaction.—Ethy] oxalate, ethyl succinate, isobutyl acetate, isobutyl isothiocyanate, 


methyl isothiocyanate, sodium formate, sodium oxalate, tributyrin. 


ALIPHATIC ALCOHOLS AND KETONES 


Isoamyl alcohol Dirty violet 
Isobutyl alcohol Light green 
Melissyl alcohol Brownish violet 


No Color Reaction.—Acetylacetone, amyl alcohel, cetyl alcohol, dulcitol, erythritol, 


ethylene glycol, isopropyl alcohol, mannitol, methyl heptenone, octyl alcohol, terbutyl alcohol. 


SUGARS 


Arabinose Greenish black 
Galactose Black 
‘Melezitose Reddish brown 
Xylose Black 


No Color Reaction.—Glueose, lactose, levulose, maltose, d-mannose, raftinose, rhamnose, 


sucrose, 


UREA AND URIC ACID DERIVATIVES 


Allantoine Green in cold 
Barbiturie acid 3rown 
Triphenylguanidine Dirty violet to black 


No Color Reaction.—Allylvhenylthiocarbamide, amytal (isoamylethylbarbiturie acid), 
acetylmethylurea, alloxantine, barbital (diethylmalonylurea), biuret, dl/-n-butylthiourea, di- 
bromobarbiturie acid, diphenylthiourea, guanine hydrochloride, ipral (calcium ethylisopropyl- 
barbiturate), luminol (phenylethylbarbituric acid), peralga (aminopyrinediethylbarbiturate ), 


thiobarbituric acid, thiourea, urea, urethane, urie acid. 


GLUCOSIDES 


Aeseulin Dark brown 
Colocynthin Brown 

Elaterin 3rown 

Phloridzin Orange 

Picrotoxin 3rown, trace of violet 
Salicin Reddish viclet in cold 


Santonin Brown 
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No Color Reaction.—Amygdalin, arbutin, convallamarin, digitalin, saponin, 


MISCELLANEOUS ALIPHATIC COMPOUNDS 


No Color Reaction.—Acetal, acetaldoxime, acetamide, acetoxime, aminoguanidine bicar 
honate, bromoform, ter-butyl bromide, chloral hydrate, chloropicrin, dimethylglyoxime, hexa 
methylenetetramine, iodoform, isobutylbromide, methylglvoxal sodium bisulphite, monochloro 
hydrine, oxamide, propionamide, sulphonal, thialdine, tribromohydrine, trimethylene bromide 


trional, veronal. 


BENZENE AND TOLUENE DERIVATIVES 


No Color Reaction.-Azoxybenzene, ortho-bromochlorobenzene, para-bromochlorobenzent 
meta chloronitrobenzene, para-chloronitrobenzene,  para-chlorotoluene, ortho-dichlorobenzene, 
2, 5-dichloronitrobenzene, 2, 4-dinitrochlorobenzene, diphenyl, isopropylbenzene, meta-nitro 


toluene, ortho-nitrotoluene, para-nitrotoluene, styrene. 


ANILINE AND DERIVATIVES 


Acetylphenetidine 
Aminoazobenzene 
meta-Anisidine 
ortho-Anisidine 
para-Anisidine 
para-Benztoluide 
para-Chloroaniline 


1, 2, 4-Dinitroaniline 


Diphenylamine 
Diphenyl benzidine 
ortho-Phenetidine 
para-Phenetidine 
ortho-Toluidine 
Tribromoaniline 


Trinitroaniline 


Brown 

Reddish brown in cold 

Brownish black 

Brownish vellow 

Yellow in cold 

Black 

Yellow in cold 

Rose in cold, orange 
with heat 

Reddish brown 

Red 

Reddish brown in eold 

3rown 

Black 

Black 


Deep yellow 


Vo Color Reaction.—Acetoanilide, acvetphenectidine, acetyl-para-anisidine, acetyl-ortho 


methyltoluidine, acetyl-para-methyltoluidine, meta-acetxylidine, —2-aminotoluene-4-sulphonic 


acid, 2-aminotoluene-5-sulphonie acid, 4-aminotoluene-2-snlphonie acid, aniline, benzanilide, 
benzidine, ortho-benztoluide, para-bromoacetanilide, meta-bromoaniline, ortho-bromo 
aniline, para-bromoaniline, chloramine, meta-chloroaniline, ortho-chloroaniline, 1, 2, 4-dichlo 
roaniline, 2, 4-dichloroaniline, exalgine, meta-nitroaniline, para-nitroaniline, meta-nitro 
dimethylaniline, para-nitrodimethylaniline, nitrosodimethylaniline, 1, 2, 3-nitrotoluidine, 1, 
2, 4-nitrotoluidine, 1, 3, 4-nitrotoluidine, phenyl-beta-diphenylamine, metatoluidine, para 


toluidine, 1, 2, 4-xvlidine, 1, 3, 4-xylidine. 


PHENOLS AND DERIVATIVES 


ortho-Aminophenol Greenish black 
5-Benzalamino-2-cresol Black in cold 
Bromothymol Orange 
ortho-Chloromercuriphenol Rose, trace of violet 
ortho-Cresol Red 

Orcinol Dark brown 
Resorcinol Cherry red in cold 
Thymol Deep red 

Xylenol Brown 
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No Color Reaction.—Acetyl-meta-aminophenol, acetyl-para-aminophenol, —meta-amino- 
phenol, para-aminophenol, benzoylthymol, para-bromophenol, carvacrol, catechol, ortho-chloro- 
phenol, para-chlorophenol, meta-cresol, 2, 4-dichlorophenol, dimethylhydroresorcinol, 2, 3-dinitro- 
phenol, 2, 6-dinitrophenol, meta-nitrophenol, ortho-nitrophenol, para-nitrophenol, phenol, 


phloroglucinol, picrie acid, pyrogallie acid, tetrabromo-ortho-phenol, tribromophenol, trichloro- 





phenol. 
AROMATIC ACIDS 
Naphthionie acid Brown 
Tannie acid Blaek 
Terephthalie acid Violet black 
No Color Reaction.—Acetylsalievlie acid, meta-aminobenzoic acid, para-aminobenzoic 


acid, anisie acid, anthranilie acid, arsanilie acid, benzilic acid, meta-bromobenzoie acid, ortho 
hromobenzoie acid, para-bromebenzoic acid, meta-chiorobenzoie acid, ortho chlorobenzoie acid, 
para-chlorobenzoic acid, cinchophen, cinnamie acid, cumarie acid, diiodosalieylic acid, 3, 5-di- 
nitrobenzoie acid, diphenylacetic acid, gallic acid, 5-iodosalieylie acid, mandelie acid, metanilic 
acid, meta-nitrobenzoic acid, ortho-nitrobenzoic acid, para-nitrobenzoic acid, salicylic acid, 


sulphosalieylie acid, ortho-toluie acid, para-toluic acid. 


AROMATIC ACID DERIVATIVES 


Neocinchophen (ethyl-6-methy1-2- Brownish green 


phenylquinoline-4-carboxylate ) 


No Color Reaction.—Benzamide, benzyl benzoate, butyl benzoate, cumarin, ethyl benzoate, 
ethyl salicylate, isoamyl benzoate, methyl benzoate, methyl cinnamie ester, methyl salicylate, 
nicotinie acid nitrate, phenyl salicylate, phthalimide. 

' 


AROMATIC ALDEHYDES, ETHERS, ALCOHOLS, AND KETONES 


Anisole Rose, trace of violet 
Jenzalacetone Deep vellow 
3enzhydrol srown 

senzophenone Brown 
ortho-Chlorobenzaldehyde Blood red 

Guaiacol Violet 
ortho-Nitrobenzaldelivde Reddish brown 
Tetramethyldiamino- 3rown 


benzophenone 
Vanillin Dark brown 


No Color Reaction.—Para-Aminoacetophenone, anisaldehyde, benzil, benzyl alcohol, 1, 2, 
5-bromosalicylaldehyde, meta-methoxysalicylaldehyde, phthalie acid aldehyde, salieylaldehyde, 


salicylaldehyde methyl ether, saligenin, para-tolvlaldehyde. 


HETEROCYCLIC COMPOUNDS 


Acridine Light green 
6-Nitroquinoline Reddish brown 
Quinoline Dark green 

Skatole Green in cold, black 





with heat 
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No Color Reaction.—Antipyrine, isatin, oxyquinoline, piperidine, quinaldine. 


HYDROAROMATIC COMPOUNDS 


Carvenone Reddish violet in cold 
Menthol Violet black 


Terpenyl acetate Brown 


No Color Reaction.—d-Borneol, l-borneol, dl-eamphor (natural), camphor (synthetic). 


cumphorie acid, ecamphor-sulphonie acid, limonene, terpineol. 


NAPHTHALENE AND ANTHRACENE DERIVATIVES 
Acet-alpha-naphthalide 3rownish black 
Acet-beta-naphthalide Greenish brown 
Alizarin Reddish brown 
Dibromoanthracene Yellowish brown 
beta-Naphthol Brownish violet 
alpha-Naphthylamine Greenish brown 
heta-Naphthylamine srown 
alpha-Naphthylaminoazo Reddish brown 


benzene 


No Color Reaction.—Alpha-Bromonaphthalene, 1, 5-dinitronaphthalene, beta-naphthalene 


sulphonie acid, naphthalic anhydride, alpha-naphthylisocyanate. 


MISCELLANEOUS AROMATIC COMPOUNDS 

Abietie acid Brownish violet 
Dibromothymolsulphonph Reddish violet 

thalein 
Isoeugenole Reddish violet 
meta-Nitrobenzhydrazide Brown 
Phenanthrene Violet black 
meta-Phenylenediamine 3rown in cold 

hydrochloride 
Phenylhydrazine hydrochlo Orange 

ride 
Salvarsan Green 
Thiosemicarbazide Brownish orange 


Thymolphthalein Reddish lavender 


No Color Reaction.—Adrenaline, amiurine, benzeatechin, benzoin, benzylphenylhydrazine, 


eugenol, 2, 4-dinitrophenylhydrazine, para-nitrophenylhydrazine, phenanthrenequinone dioxime, 
phenolphthalein, quersite, rheumatine (saloquinine salicylate), tetrabromophenolphthalein, 


para-tolvlisothiocyanate, triphenylmethane, turmeric. 


The color reactions for the tests where an equal amount of impurity was 
added to the atropine were reeorded, and also the reactions where five times the 
amount of impurity was added; but the listing of these would require too much 
spaee. Therefore, only those reactions in which the reddish violet color was com- 
pletely masked will be given. The list of substances previously given may be 
referred to in order to obtain the names of the compounds which did not com- 
pletely cover up the atropine test. Many of these compounds gave no inter- 
ference, while others gave more or less interferenee. 


Organie compounds which completely covered up the atropine test when 


present in equal amounts were: acetylsalicylic acid, aminoazobenzene, amy! 
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aleohol, antipyrine, azoxybenzene, benzalacetone, benzidine, para-bromophenol, 
bromothymol, dl-n-butylthiourea, ortho-chlorobenzaldehyde, coloeynthin, dibrom- 
oanthracene, diphenylbenzidine, duleitol, elaterin, eugenol, glycine, guaiacol, 
isobutyl aleohol, morphine, alpha-naphthylamine, beta-naphthylamine, narcotine, 
ortho-nitrobenzaldehyde, ereinol, phloridzin, sanguinarine, skatole, sparteine, 
strychnine, thiobarbiturie acid, para-toly-isothiocyanate. 

The organie compounds, in addition to those listed above, which completely 
covered up the atropine test when present in amounts five times that of atropine 
were: acetyl-meta-aminophenol, acridine, allylphenylthiocarbamide, allylthioear- 
bamide, para-anisidine, 5-benzalaminophenol, benzhydrol, benzophenone, ear- 
venone, para-chlorophenol, eryptopine, delphinine, 2, 4-dichlorophenol, 1, 2, 4-di- 
nitroaniline, 1, 5-dinitronaphthalene, diphenylamine, edestine, melezitose, 
metanilie acid, naphthionie acid, metanitrobenzoie acid, para-toluidine, trinitro- 
aniline, 1, 2, 4-xylidine, xylose. 

From a study of the color reactions given in the tables, it will be observed 
that there were twenty-nine compounds which gave various shades of violet, 
lavender, or purple, either alone or combined with other colors. Many of these 
might have been mistaken for the atropine test. In general, the compounds giv- 
ing a test similar to that of atropine do not belong to any definite group of 
organie compounds, nor does any special organic radical seem to be responsible 
for the characteristic test. The alkaloids as a class gave more positive reactions 
than any other group. 

There were a few of the organie compounds which completely masked the 
atropine test. Others showed interference in varying degrees. Of course, in a 
carefully conducted analysis, many of these substances would be removed by 
means of the different organie solvents. 


CONCLUSIONS 


1. A number of organic compounds have been found which give a positive 
atropine test with para-dimethylaminobenzaldehyde reagent. 
2. The interferences caused by organic compounds as impurities have been 
determined. 
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THE SIGNIFICANCE OF MEMBRANES IN THE MUCOUS 
FORM OF COLITIS* 


Junius FRIEDENWALD, M.D., AND SAMUEL Morrison, M.D., BautrMore, Mp. 


NTRODUCTION.—In a recent paper Boas! discusses colitis membranacea (01 

colica mucosa) as a disappearing disease and compares its incidence thirt) 
years ago with its rarity today. This is attributed to the therapeutic measures 
employed in the treatment of the simple forms of colitis. Modern methods 01 
treatment no longer include medicated and astringent enemas as important aids 
in combating colitis, and in Boas’ opinion, the frequeney of the disease ha: 
diminished in proportion to this change. Boas has found that in his recent 
cases of membranous colitis a history of habitual use of enemas has always bee) 
elicited. Interestingly enough the substitution of dietary treatment in place oi! 
frequent utilization of enemas was followed by the disappearance of membranc 
formation. It seems therefore quite clear, according to him, that membranous 
colitis is the result of radical treatment of simple forms of colitis with enemas 
and catharties. 

MeCrae* speaks of mucous colitis as a remarkable disease and gives as its 
synonyms such names as membranous enteritis, tubular diarrhea, mucous colic. 
and myxoneurosis intestinalis. It is a disease which has been recognized fo: 
many centuries. But a distinction must be made between the colitides associated 
with catarrh of the intestines and due to innumerable causes, and those due to 
local disease in the bowel as well as those associated with true mucous colitis. 
The latter is usually considered a secretory neurosis of the large intestine and is 
encountered principally in those patients (females more frequently than males 
who have unstable nervous mechanisms. However, though some cases may be 
primarily psychogenic in origin and others organic, the majority have present 
both organie and psychogenic dysfunctions and even in those instances in which 
one factor is very much more prominent the other is doubtless contributory. 

Boas' presents his views on the nature of mucous (membranous) colitis and 
ealls attention to the many factors which may enter into its etiology. Briefly, 
he believes the disease may be dependent upon a primary affection of the colon 
in the nature of an inflammatory condition or that it may result from a secondary 
affeetion based upon a neuropathic, vagotonie state of irritation. Sinee the 
causative agent is so doubtful, it is but little wonder that the therapeutic 
measures employed in these eases should be at such variance. In Boas’ experi 
enee, an experience which he has reason to believe is general, the disease was 
much more common in the latter part of the nineteenth century than it has 
been in the past decade. So much is this so that very little has been published 


*From the Gastro-Enterological Clinic of the Department of Medicine of the Universit 
of Maryland. 
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upon this subject in the past ten years, and thus this author makes inquiry con- 
cerning the reasons for the loss of interest in this affection. 

In referring to the etiology of colitis membranacea, Boas believes there is 
definite evidence to indieate that the disease syndrome is due to a superficial 
eatarrh involving especially the lower intestinal segment. However, the im- 
portant réle played by a disharmony in the vegetative nervous system is recog- 
nized. Nevertheless, certain faets are apparent when the superficial colitis it- 
self is considered, and as Boas had previously pointed out, astringent substances 
in the form of enemas, so commonly used in the past, undoubtedly favor the 
formation of membranes. For example he had ealled attention to the facet that 
in patients suffering from the usual form of mucous colitis, small tannin enemas 
given successively in the course of a few days usually led to the formation and 
to the discharge of typical membranes which were previously absent; with the 
cessation of treatment, the formation of membranes disappeared in a short time, 
to reappear with the institution of astringent enemas. 





Furthermore, Boas performed the following interesting experiment: — In- 
testinal mucus was placed in a 1 to 2 per cent tannin solution and in the course 
of twenty-four hours a definite brown color and a membranous appearance were 
observed which became more pronounced in the course of the subsequent twenty- 
four hours. The membranes formed here did not differ histologically from the 
typical membrane formation in colitis membranacea or colica mucosa. Similar 
results were obtained when the intestinal mucus was treated with other astringent 
substances such as lead acetate. It is even conceivable, Boas remarks, that the 
addition of sueh harmless substances as borax, glycerin, or soap, to the enema, 
or even the repeated use of water enemas of an unsuitable temperature, may give 
rise to a eatarrhal inflammation of the colon whieh is followed by an increased 
) production of mucus and finally by the formation of artificial membranes. 

Reeently, Friedenwald and Feldman’® reported upon the effect of the pro- 
longed use of colon enemas in animals, because it was their experience that the 
all too frequent use of enemas and irrigations led to the production of certain 
colonic affections, as well as nervous intestinal disorders. In a well-controlled 
series of animal experiments they administered plain water, soap water, cotton 
seed oil, sodium carbonate solution, neutral acriflavine solution, camphor water, 
ammonium chloride solution, and hydrochlorie acid. They econeluded that 
enemas used over a long period of time led to more or less bowel disturbance, 
that even simple water enemas may produce mild inflammatory changes, that 

| soapsuds enemas produce more marked inflammatory changes while oil enemas 
produce less irritation, that acriflavine (1:3000) and camphor water (U.S.P.) 
eause but slight disturhanee of the bowel and that irritating chemicals such as 
sodium carbonate, ammonium chloride, and hydrochloric acid, even in weak 
solutions cause inflammatory changes ranging from mild processes to extensive 
uleerations and necroses, 

| Similar observations have heen made by Hirschman,’ and Runge and Hart- 

| man.” Even though these findings, obtained mostly in animal experimentation, 

cannot be applied directly to man, it is still clear, in Boas’ opinion, that the use 





of certain enemas, which were very popular a decade ago in the treatment of 
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various affections of the colon, actually favored the appearance of catarrhal 
changes and uleers. Sinee astringent enemas are not habitually used today 
the reason for ‘‘colitis membranacea, a disappearing disease’’ becomes apparent 
and this disappearance is further accounted for by the fact that the irritative 
cathartics have been substituted by nonirritating substances. 

Thus, there is established a connecting link between the so-called simple 
colitides and the membranous type. The question therefore arises coneerning 
the inherent value of enemas and irrigations, and in the discussion of this prob- 
lem, the views of various observers are by no means in accord. In Soper’s' 
experience ‘‘the more one irrigates, the more mucus one gets. In other words, 
irrigations incite the secretion of mucus and if continued long enough, the ‘foul 
smelling material’ can be secured in persons with normal colons. The material! 
is, in fact, the normal contents of the ileum when subjected to such treatment.’ 
On the other hand Bastedo’ finds that ‘‘the slow, careful introduction of from 
six to ten gallons of water is a valuable therapeutie measure in the treatment 
of mucous colitis... .’’ In his conelusion, Soper remarks that **mucous colitis 
has been set up as an obseure and often incurable disease. It is neither an in- 
flammatory process nor a neuresis but is a spasm of the colon in whieh lone 
strings of mucus are passed. The colon is an instrument that is played on by 
many and varied outside influences. IT may mention the psychoses, gallstones, 
kidney stones, uleer of the stomach and duodenum, pelvie diseases, and allergy. 
I have made roentgenograms showing colon spasm in the conditions mentioned. 
Purgative drugs, enemas, and irrigations all produce further irritation and 
more tendency to spasm. The underlying cause should be eradicated if pos- 
sible. If the condition is not to be diagnosticated, treatment should consist of 
retention enemas of liquid petrolatum, a smooth diet, and mild sedatives, with 
avoidance of all colonie manipulation.’’ 

Experiments.—In view of Boas’ work a series of experiments was planned 
in order to confirm or repudiate some of the opinions already briefly sum- 
marized. 

First, we obtained mucus in its various forms (shreds, strings, and mem- 
branes) from some of our mucous (or mucomembranous) colitis cases, and 
we conducted a series of ‘‘testtube’’ experiments. For example, we placed bits 
of mucus of definite size in a bottle containing 100 ¢.c. of water. This was 
utilized as a control. In another bottle the same sized portions of mucus were 
placed but its medium was 100 ¢.c¢. of 2 per cent tannin solution. This experi- 
ment was repeated frequently with the following results. In twenty-four hours 
the water bottle showed little or no change exeept, perhaps, for a slight thin- 
ning of the mucus, but this may have been more apparent than real; the tannin 
bottle, on the other hand, seemed to contain more mucus than was originally 
added, but there was no increase in membrane formation. How the inereased 
cloudiness of the tannin solution itself was to be evaluated presented some dif- 
fieulty but we were well able to measure an increase in mucous surface. In forty- 
eight hours both solutions had become cloudy; the tannin bottle was obviously 
the cloudier. In these latter observations it was noted that many of the mucous 
particles had disintegrated, and this doubtless accounted for some of the turbidity 
of the solutions, 
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The same experiments were repeated using in place of the shreds and strings 
of mucus large thin membranes obtained from a patient who was under our eare 
at the time. The membranes were placed in solutions of water, 2 per cent tannin 
and soapsuds. Twenty-four hours later very little change was noted in the 
membranes which measured two inches square. Forty-eight hours later we were 
still unable to detect any change and for the next two days the observations 
were essentially negative. However, after a week it was noted that the sheets 
of mucus had become stiffer and thicker in the tannin medium as compared with 
the water medium in which they remained thin and for the most part, unchanged, 
A curious change takes place in the soapsuds medium where some sort of reaetion 
between the soap and mucus results in a thick gelatinous solution but without 
any distinct change in the membrane of mucus itself. 

[t seemed, therefore, that whereas tannin solution (2 per cent) did affect 
mucous shreds and strings so that the amount of mucous substanee seemed in- 
creased, it had little or no effect on membranes, nor did it seem to form mem- 
branes even after exposure of the mucus to such a solution for a period extending 
over a week. The results were practically negative with water solutions and 
equivocal or indecisive with soapsuds solution. If 2 per cent tannin had so 
little effect on membranes after seven days. it seemed difficult to understand the 


§ 


objection to its use as a therapeutic agent. It was thought, however, that the 
repeated use of freshly prepared 2 per cent tannin solution might cause more 
definite changes in membrane formation: when this was carried out the results 
were not altogether conelusive. The mucus assumed a brown color but the mem- 
branous appearance did not become more pronounced, It was suggested, there- 
fore, that a 10 per cent solution of tannin be utilized. 

Preparatidns were made of thin films of mucus in 10 per cent tannin solu- 
tion and as a control in water. After twenty-four hours the tannin solution was 
found to contain a definitely thicker and tougher piece of mucus than in the 
water preparation. The preparations were allowed to stand for five days and 
though daily the difference already deseribed was always distinetly noted, if 
was found that as time passed even the mucus in the plain water assumed 
similar, though not as pronounced, characteristics. After ten days the mucus 
in 10 per cent tannin was not very hard, but it was definitely coagulated while 
that in plain water had become soft and was easily macerated by light pressure. 

Preparations of mucus in normal salt solution, 2 per cent tannin and plain 
water were made. Twenty-four hours later the tannin preparation was found 
to contain what may be described as a more durable mucus which was not in- 
creased in quantity. No change was noted in either of the remaining two media. 
After a week, coagulation of mucus had oceurred in the tannin solution, much 
less marked in the salt solutions and not at all in the plain water. The same 
experiment was carried out with 2 per cent tannin, soap solution and plain 
water and the changes in the tannin and water preparations were exactly similar 
to those just noted. On the other hand the mucus in the soap solution seemed 
to have inereased both in quantity and thickness (gelatinous). Daily observa- 
tion over a period of five days disclosed several interesting findings. Mucus 





underwent gradual coagulation in the 2 per cent tannin solution; it became 
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tougher, thicker, and slightly shrunken. In the soap solution it assumed an 
apparent increased thickness due partly, it was later discovered, to the adherence 
of soap to the mucus. Even in plain water, mucus became a more thickly 
velatinous substance. 

Other solutions were used. Preparations of mucus in water, 2 per cent 
protargol, 1 per cent silver nitrate, 1:10,000 potassium permanganate, 1 :3,000 
neutral acriflavine, and 1%4 per cent sodium bicarbonate. These solutions were 
chosen beeause they are among those frequently used as enemas and irrigations 
in eases of colitis. After twenty-four hours it was noted, in brief, that the 
mucoid shreds were thinner in the water medium, somewhat thicker, and 
coagulated in the protargol and silver nitrate solutions, equally coagulated but 
slightly more resistant and indurated in the potassium permanganate solution, 
markedly coagulated and contracted in the neutral acriflavine and hardly 
changed in the sodium bicarbonate solution. After forty-eight hours the changes 
were essentially the same except for the neutral acriflavine solution in whieh 


the mucus had not only become markedly contracted but had been dissolved so 


that very little remained. Four days later the mucus (shreds and membrane ) 
in the plain water had become thinner in the protargol, discoloration had oc- 
curred and coagulation with contraction had become more obvious; essentially 
the same changes took place in the silver nitrate solution as had resulted in the 
protargol preparation, discoloration was noted in the potassium permanganate 
preparation while induration and coagulation had progressed; in neutral aeri- 
flavine the changes were as already noted except that dissolution of mucus had 
not apparently continued; little or no ehange was noted in the biearbonate prep- 
uration. After five days, observations were made on the silver nitrate and 
neutral acriflavine preparations. The former disclosed a considerably thickened 
mucus while in the latter the mucus had shrunken remarkably. After seven days 
the mucus in the silver nitrate solution had undergone further contraction in 
addition to assuming a black color. In the neutral acriflavine solution the 
mucus had contracted into a small hard mass but in addition the preparation 
contained many disintegrated bits of mucus resembling ordinary débris. The 
preparations were allowed to stand for six more days and during that time the 
mucus in the plain water preparation had become thinner but was otherwise un- 
changed. In the protargol solution induration, coagulation and some increase 
in quantity were noted. The silver nitrate preparation contained a hardened 
contracted mass of black material no longer resembling mucus. Hardly any 
further change was observed in the potassium permanganate solution except for 
an additional slight inerease in the thickness of the membranes. The neutral 
acriflavine presented a picture unlike any of the other solutions. In this instanee. 
the mueus was thickened, contracted, ‘‘gummed,’’ granular and in parts ap- 
parently dissolved. The bicarbonate solution had not produced any change 
beyond a slight degree of coagulation. 

These experiments, then, sum up our observations on the effect of various 
astringent (as well as nonastringent) solutions upon mucus, in vitro. Our next 
problem was to employ the same agents in vivo and to this end we produced 
changes resembling colitis in dogs by administering enemas of irritating solutions 
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such as hydrochloric acid (14 to 10 per cent) and tannin (10 to 20 per cent). 
When the stools became diarrheic and contained an occasional trace of blood, 
enemas of various astringent solutions were injected. 

Two dogs were given (75 ¢.¢.) enemas of 10 per cent tannin solution three 
times a day. The stools were carefully observed. After one week had passed 
neither mucus nor diarrhea appeared. A 15 per cent solution of tannin was 
prepared and later a 20 per cent solution, but we were unable to produce either 
diarrhea or mucus. This experiment was abandoned. The same animals were 
then given 90 ¢.¢. of 10 per cent hydrochlorie acid per rectum onee daily for 
two days. One of the dogs reacted by refusing his food ration and losing weight. 
He quickly became moribund and practically helpless and did not avoid soiled 
parts of his cage. The other dog, although weakened, was relatively in good 
health. The 10 per cent hydrochloric acid enemas were discontinued and the 
tannin enemas (60 to 90 ¢.c. twice daily) resumed. 

After the tannin enemas had been administered for two days following the 
discontinuance of the 10 per cent hydrochloric acid, the sickly dog previously 
mentioned died. At autopsy, the entire lower bowel was found to be gangrenous, 
and there was a large perforation in the ceeal region. The most interesting 
finding was concerned with the mucoid coating of the entire lower bowel. The 
mucus could not be peeled away in the form of membranes nor was it easy to 
separate it satisfactorily in any definite form except thin shreds. It adhered 
closely, in all its thickness, to the mucosa of the intestine. One could easily 
picture its possible separation as a membrane or mold of the intestine if appro- 
priate measures were employed. 

In the meantime gross and occult blood had appeared in the stools of the re- 
maining dog and diarrhea had ceeurred. This was allowed to continue for four 
days and in the meanwhile tannin enemas were administered. They were then 


discontinued and for them were substituted enemas of 1 per cent hydrochloric 


acid (60 ¢.c¢. t.i.d.). The stools became less numerous, the mucus disappeared as 
well as the blood. Tannin enemas and other astringent solutions were used but 
the results were so indefinite that it was decided to sacrifice the dog after two 
more weeks of such experimentation. The dog had apparently recovered com- 
pletely. He was sacrificed and at autopsy the lower bowel (rectum and sigmoid 
colon) was found to be congested, injected, indurated, and inflamed. At the 
sigmoid rectal junction and for two or more centimeters below this region (al- 
most extending to the anus in places), the mucous membrane had become so 
indurated that it resembled cartilage. Coincidentally two round worms (5 em. 
in length) were found around the appendix in one area of which the wall had 
become so thin as to be on the verge of perforation. Strikingly enough the entire 
large intestine was thickly coated with mucus, typical in appearance but diffi- 
cult to separate from the mucous membrane. No ulcerated areas were found 
in the intestines. 

In the human being, the production of excessive mucus after treatment 
with astringent solution has long been noted. Nevertheless, the possibility that 
these quantities of mucus could be the result of treatment hardly seemed to 
arouse serious consideration, except occasionally, until some of the more recent 
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However, long before this, man) 
physicians had, threugh experience, begun to diminish the frequent use of irriga 


reports, of which that of Boas is an example. 















tions and enemas in such conditions. Even in eases of ulcerative colitis, it was 
concluded by many observers that enemas often caused complications and ma) 
also have been responsible, at times, for the poor results obtained. At any rate 
their use in mucomembranous colitis (comprising that entire group of mucou 
and membranous colitides) was doubtless more irritative than curative an 
seemed to favor the formation of membranes. 

In summary, therefore, we have observed the effect of certain solutions upo) 
mucus in vitro and in vivo, and we have been able to demonstrate that thes: 
solutions certainly bring about abnormal changes in mucous strings, shreds, an: 
membranes in vitro. We have, however, not been able to demonstrate mem 
brane formation with any degree of constaney in these vitro experiments. Ou: 
results confirm in many respects, the observations made by Boas. On the othe: 
hand, our vivo experiments on dogs have led us to believe that membranes ar 
formed, but that they do not separate with ease from the intestinal wall. 

Conclusions.—As the result of our observations it is evident (1) that man) 
solutions, and particularly those of an astringent nature, undoubtedly are ir 
ritative to the intestinal mucosa and may cause changes in the form of mucus. 





sometimes producing actual membrane formation. (2) Bowel irrigations and 





medicated enemas should therefore be utilized with the greatest caution; they 






should be administered only at infrequent intervals and the solutions used should 






always be well diluted. 
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SOME FACTORS RESPONSIBLE FOR THE SO-CALLED 
. SELF-DISINFECTING POWER OF THE SKIN*+ 





( CLAUDE 8S. Bryan, M.S., AND W. L. MALLMANN, Pit.D.. LANstna, Mictt. 


O SATISFACTORY explanation has been presented for the facet that 
bacteria die rapidly when smeared upon the surface of the skin. That 
pure cultures do die at a remarkably high rate was first demonstrated by Arnold 
and his coworkers' who showed that reductions of 90 to 100 per cent could be 





‘ effected in ten to thirty minutes. They demonstrated that the condition of the 
skin apparently caused marked changes in the rate of reduction, as evidenced by 
the fact that a clean skin caused a more rapid killing action than a dirty skin. 
Cornbleet and Montgomery,’ in a series of studies on normal and pathologie skins, 
demonstrated variable results, using yeast and Staphylococcus aureus as their 

; organisms. They found that moist areas were less effective in destroying the 

‘ test organisms than dry areas, that denuded areas were less effective than normal 

d areas, and that, in the case of psoriasis, lesions freed of scales were more aetive 

y than those with scales. These data would strongly indieate that desiceation 

d played an important role, as in each instance cited above, the most successful 
results were obtained under conditions where desiccation was the most rapid. 
Systemie changes induced by the injection of gentian violet and manganese 
butyrate also caused changes in the rate of destruction. A depression oeeurred 

1, after the immediate injections, followed later by increased rates, higher than 

F normal. No explanation is offered for the latter results. Norton and Novy* in a 
series of experiments using Bacillus prodigiosus found that bacteria dried on 

- inert materials died at approximately the same rate as on the normal skin. They 


conclude that the living skin has no inherent germicidal power. Fishert demon- 
strated decided fluctuations in the rate of destruction during menstrual periods 
when a depressed action occurred. An examination of her data shows variability 
from day to day and, in one instance, marked depressions at times outside the 
menstrual period. These marked daily fluctuations in rate of destruetion sug- 
vested the work presented in this paper. 


PROCEDURE 


A seientifie technie for obtaining comparable results for studies of the 
viability of bacteria placed upon the surface of the skin or upon inert materials 
appears to be very difficult. No matter how the organisms are introduced upon 
the surface or how they are removed for examination, directly comparable results 
are not obtained. It seems quite reasonable to suppose that bacteria dried on a 
smooth surface, like glass, could be removed more readily than from an irregular 
surface like living skin. Furthermore, the time elapsing between smearing and 

*From the Department of Bacteriology, Michigan Stute College. 
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removal of the bacteria would change the degree of attachment of the bacteri: 
to the surface, due to the fact that the process of drying causes a closer adherenc 
of the bacteria to the surface. Thus the longer the period of contact the greate 
the difficulty of removal. Granting a uniform procedure of removal, the longe) 
the interval of exposure, the fewer organisms would be obtained. Howevei 
since similar results were always obtained under similar conditions, the dat: 
are of comparative value in measuring the effectiveness of the various procedures 
used. The writers deplore the lack of a more satisfactory means of measurement 

The procedure was essentially the same as that used by others. All tes’ 
organisms were twenty-four-hour broth cultures. Each eulture was thorough!) 
shaken to give an even suspension before use. An appropriate amount of the 
broth culture was added to sterile saline in order to obtain the proper number o 
bacteria. These dilutions were always prepared just prior to performing the ex 
periments and in every ease where more than thirty minutes elapsed betwee 
trials, a fresh dilution was prepared to avoid the effeet of killing the organism: 
in the salt solution. 

For convenience, the back of the hand was used for the skin tests in al 
eases. The hands were thoroughly washed before each experiment. Seven areas 
of 9 sq. em. each were marked off with a red wax pencil. Exposures of five 
tenths, one, two, three, five, ten, and fifteen minutes were used. Smears wer 
made with a sterile cotton swab immersed in the dilution of the culture. After 
the proper exposure, the surviving bacteria were removed by swabbing the sur 
face with a sterile cotton swab, previously dipped into a sterile dilution blank 
The swab was then immersed in sterile saline dilution blanks of 100 ¢.¢. amounts 
and shaken thoroughly. The length of time, the vigor of the swabbing, and the 
thoroughness of the rinsing of bacteria from the swabs were standardized in al! 
instanees to eliminate as far as possible errors due to technic. Immediately after 
preparing the dilutions, dextrose beef extract agar dilution plates were made. 
All counts were made after twenty-four hours’ incubation at 37° CC. Staph. 


aureus, Serr. marcescens, and Escherichia coli were used as test organisms. 
EXPERIMENTAL 


Norton and Novy® state that no inherent germicidal power was obtained foi 
living skin over inert materials. Apparently, in the experiments presented 
these tests on skin and inert materials were made at different times with different 
subcultures as a source of the test organisms. To determine the significance 
of conducting the tests on inert material and skin simultaneously, cultures of 
Esch. coli and Staph. aureus were smeared on clean skin, glass, dry filter 
paper and moist filter paper at the same time using the same culture dilution. 
The tests were conducted at room temperature. Due to the fact that the bacteria 
frequently failed to survive an exposure of ten minutes on either inert materials 
or skin, intervals of five-tenths, one. two, three, five, ten, and fifteen minutes wer 
used. Sterility, as measured by the absence of colonies on the agar plates, was 
obtained first on the skin, followed by dry filter paper, dry glass, and moist 
filter paper respectively. These data, which are representative of repeated tests, 
indicate that under these conditions the skin causes a more rapid destruction o! 
the bacteria. 
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were obtained. 


TIME OF SKIN 


EXPOSURE 
_ PER CENT 


REDUCTION 


COUNT 





data for Esch. coli are presented in Table I. 


SELF-DISIN FECTING 


It may be argued that, the temperature of the skin being higher than that 


To determine this a series of experiments was conducted at 37 
that the temperatures of all surfaces would be approximately the same. 


It 


TABLE ] 


THE INFLUENCE OF DESICCATION ON ESCHERICHIA COLI AT 


SUBSTANCE 


GLA 


COUNT 
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of the glass and filter paper, desiccation would be more rapid in the former ease 
and that if the killing action is due to desiceation, the skin would show a greater 


C. so 
The 


will be noted that similar results 


The difference in killing action between the skin and the glass, 
however, is not as great, indicating that desiccation does play an important part. 


Similar results were obtained with Staph. aureus and Serr. marcescens, as shown 


37° C, 
TESTED 
SS FILTER PAPER MOIST 
PER CENT — PER CENT 
COUNT | 


REDUCTION REDUCTION 


30 seconds TS.000 107,000 7) 251,000 
P | - ! ‘ 
1 min, | 77,000 1.29 107,000 | 0 ; 201,000 9.93 
2 min. 53,000 32.06 78,000 7.33 | 198,000 21.12 
3 min. | 51,000 34.62 69,000 35.52 | §=191,000 23.91 
5 min, 800 98.98 14.000 58.88 188,000 | 95.10 
10 min, (0 100. 500 95.33 1GS,000 | 33.07 
15 min, 0 100. 0 100. 149,000 10.64 
TABLE II 
THE INFLUENCE OF DESICCATION ON STAPHYLOCOCCUS AUREUS AT 37° (¢ 
SUBSTANCE TESTED 
TIME OF SKIN | GLASS FILTER PAPER MOIST 
EXPOSURE : = , : 
ers PER CENT a PER CENT ae PER CENT 
COUNT COUNT ; COUNT ; 
REDUCTION | REDUCTION REDUCTION 
30 seconds 161,000 | P95 000 173,000 
1 min, 133,000 17.5 | 980.000 ve | 175,000 | mm 9 
2 min, 92. 000 42.9 130,000 | 42.3 182,000 | ~ 4 
3 min. 112.000 30.5 103,000 58.7 229 000 | 39 
5 min, 40,000 193.2 122,000 $5.8 180,000 } 9 
10 min. 37,000 77% 97,000 56.9 168,000 29 
15 min. 34,000 78.9 97 000 56.9 170,000 1.9 
TABLE III 
THE INFLUENCE OF DESICCATION ON SERRATIA MARCESCENS Av 37° (, 
SUBSTANCE TESTED 
TIME OF = : an ~ - ' 
j SKIN GLASS "ILTER -APER MOIST 
EXPOSURE ____—SK SS FILTER PAPER MOIST _ 
| 
IN MINUTES een PER CENT = PER CENT mt | PER CENT 
COUNT 2 COUNT COUNT 
REDUCTION REDUCTION REDUCTION 
i | 270,000 } 110,000 510,000 
1 | 254,000 | 5.93 | 104,000 5.46 375,000 26.87 
9 16,000 94,08 | 122,000 10 354,000 | 30.59 
3 17.000 93.71 | 111,000 ~0.9 | 2923 000 56.28 
5 6,000 97.78 95,000 — | 13.64 | 165,000 — | 67.65 
10 | 0) 100. 0 100. | = 455.000 69.61 
15 0 | 100. 0) 100. | 141,000 | 72.36 
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in Tables II and IIL respectively. The data presented thus indicate that living 
skin does cause a more rapid destruction of bacteria than inert materials under 
similar conditions. 

The facet that the same individual on repeated tests on successive days gives 
variable results may not necessarily be due to variations in teehnie. Marked 
variations do occur as demonstrated by Fisher‘ in her studies on the influence ot 
the menstrual evele. Fluctuations also oceur in normal individuals from day 
to day. These variations are likely due to loeal or systemie changes of the 
hody. Walker and Pryer® demonstrated that water irradiated with ultraviolet 
light had imparted to it through the exposure a residual germicidal power that 
was evident for several hours. An attempt was made to see if such residual 
germicidal powers could be produced in the skin. Accordingly, the hands of 
three individuals were tested for self-disinfecting power using Serr. marcescens 
and then the same hands were irradiated with ultraviolet light for one minute. 


TABLE IV 


INFLUENCE OF IRRADIATION BY ULTRAVIOLET LIGHT ON THE SELF-DISINFECTION OF THE SKIN 
USING SERRATIA MARCESCENS AS A TEST ORGANISM 


SUBSTANCES TESTED 





- SKIN 
riIME OF GLASS 
EXPOSURE PERSON A PERSON B PERSON C 
IN MINUTE: , ar 
” PER CENT PER CENT a PER CENT | PER CENT 
COUNT COUNT COUNT _| COUNT Norns ‘ 
REDUCTION REDUCTION REDUCTION | REDUCTION 


Before Trradiation 


1 294 000 0. 279,000 0. 218,000 0. 200,000 | 0. 
l 212,000 16. 286,000 (0. 235,000 0. 191,000 5. 
2 192.000 15. 215,000 25. 181,000 Os, 179,000 11. 
5 58.000 74. 81,000 Ti. 74,000 68. 168,000 | 7. 
10 38.000 Q?. 38,000 85.4 32.000 87.2. | 159,000 | 22, 
15 82.000 86.2 32,000 89. 36,000 85.4 134,000 38. 


After Irradiation 


} !T7T3.000 (0. 261,000 0. P38 000 0. 254,000 0. 

l 232,000 14. 254.000 ‘. 1241,000 0. 2929 000 9.8 
2 PPO OOO 16. 238,000 8. 219,000 13. 241,000 5.1 
5 10,000 96.3 13,000 50. 14,000 4°. 184,000 97.5 
10 0 100, 0 100, (0) 94.6 152,000 37.6 
Ld 0) 100, 0) 100, 0 100, 141,000 $4.5 


Approximately five minutes after the exposure the same hands were tested for 
self-disinfecting power, using the same subeulture of Serr. marcescens. The 
data are presented in Table IV. At the end of fifteen minutes’ exposure of the 
organisms to the skin, prior to exposure to ultraviolet light, only 85 to 89 per 
cent of the bacteria were destroved; whereas sterility was obtained in ten minutes 
after exposure to ultraviolet light. At the same time controls on glass showed 
only a reduetion of 388 to 44.5 per cent. Repeated experiments on these same 
individuals and others gave similar results. Similar tests were made on chickens. 
The data for one such experiment are presented in Table V. The results are 
the same except that the difference between the counts obtained before and after 
irradiation was less marked. The higher body temperature of the chicken may 
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TABLE V 


INFLUENCE OF ULTRAVIOLET Ligtit UPON SELF-DISINFECTION OF THE SKIN OF THE CHICKEN 


USING SFERRATIA MARCESCENS AS A TEST ORGANISM 
GLASS | SKIN OF CHICKEN 
Sees ; | BEFORE IRRADIATION — | AFTER IRRADIATION 
TIME OF | PER CENT | mend - 
EXPOSURE COUNT | REDUCTION eoune | PER CENT | ooune PER CENT 
| REDUCTION | REDUCTION 
} min, 83,000 95,000 64,000 | 
1 76,000 8.44 73.000 21.06 15,000 | 76.41 
3 75,000 9.65 82 000 66.32 13,000 79.69 
5 75.000 | 9.65 15.000 84,99 10,000 | 84.38 
| ~ a | 
10 64,000 22.90 5,000 94.74 0 100. 
15 65,000 21.69 0 100. 0 100. 


have caused a more rapid evaporation of the moisture with the result that desiceea- 
tion played a greater role and thus a less significant difference, caused by the 
residual action of the ultraviolet light, would be obtained. 

In the experiments cited, the action of the ultraviolet light was apparently 
a local residual effect. To determine whether or not the exposure to ultraviolet 
light would impart to the body an increased systemic self-disinfeeting power, 
one hand was irradiated while the other was protected against exposure. Approxi- 
mately five minutes later both hands were tested for self-disinfeeting power 
using Staph. aureus as a test organism. This organism was used beeause Corn- 
bleet and Montgomery? failed to find that exposure to ultraviolet light had any 


significance as far as self-disinfecting power of the skin was coneerned. The 


TABLE VI 


INFLUENCE OF ULTRAVIOLET LIGHT UPON SELF-DISINFECTION OF SKIN Upon PART OF BoDY NOT 
EXPOSED TO THE Direct RaAys or Ligut USING STAPHYLOCOCCUS AUREUS AS 
A Test ORGANISM 


SURFACE TESTED 


GLASS ASS SEVORS HANI AFTER IRRADIATI 
rlASS ANDS "TER ~-RADIATION 

IRRADIATION | , : et 
TIME OF 


EXPOSURE | HAND | HAND NOT 
IN MINUTES PER CENT PER CENT IRRADIATED IRRADIATED 
COUNT REDUCTION COUNT REDUCTION PER CENT PER CENT 
COUNT ! _| COUNT ae ji 
REDUCTION REDUCTION 
1 371,000 368,000 
1 371,000 0) 362,000 1.63 143,000 0) 232,000 
2 369,000 0.57 349,000 9.17 146,000 0 206,000 11.22 
3 367 000 1.08 299 O00 18.75 144,006 0) 204,000 12.07 
5 367 000 1.08 PS4.000 99 83 75,000 17.84 PO4,000 | 12.07 
10 570,000 0.27 PS6,000 09 99 76,000 $7.14 102,000 56.04 
15 368,000 0.81 203 000 $4.85 6,000 96,51 53.000 LES e iy 4 


data are presented in Table VI. In fifteen minutes, the skin before irradiation 
showed a reduction of 44.65 per cent; whereas the irradiated skin showed a re- 
duction of 96.51 per cent. At the same time, the skin not directly irradiated 
showed a reduction of 55.17 per cent, an inereased reduction of 10.32 per eent 
over the skin before irradiation. These experiments were repeatedly confirmed 
on the same individuals and others. Apparently as judged by these data. 











1254 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


exposure to ultraviolet light not only causes an increased activity locally, but also 


imparts a systemic response. 

Undoubtedly the exposure to the ultraviolet light caused a reduction, as evi- 
denced by the data; however, the mechanism of action is not known. It ap- 
parently is not due to a change of evaporation of the skin induced by the ultra- 
violet light exposure because the hand that was not irradiated also showed a 
reduction, provided the other hand had been exposed. The temperature of the 
light had no effect as control tests made under the same conditions without 
exposure to ultraviclet light caused no reduction. 

Since exposure to the action of ultraviolet light imparted an increased 
germicidal activity to the skin, the value of sunlight was tested. These experi- 
ments were conducted in a manner similar to those cited. The hand tested was 
exposed to the sun by holding out of the window for fifteen minutes. In all of 
the experiments, the person stayed indoors prior to conducting the experiment 


TABLE VII 


INFLUENCE OF SUNLIGHT UPON SELF-DISINFECTION OF THE SKIN USING SERRATIA 
MARCESCENS AS A TEST ORGANISM 


GLASS SKIN 


AFTER EXPOSURE 


TIME OF ‘qpeneanany 
BEFORE EXPOSURE 


| 
| 
| 
| 
| 
| 


EXPOSURE IN | PER CENT |— = — 
MINUTES COUNT REDUCTION | corse | TSR Oo | PER CENT 
REDUCTION | | REDUCTION 
4 31,000 0 34,000 51,000 | 
1 31,000 0 32,000 5.8 29,000 | 43.2 
9 31.000 0 32.000 5.8 29,000 | $3.2 
3 31,000 0 } 33,000 2.9 21,000 58.7 
D 382,000 0) 32,000 oe 6,000 88.3 
10 34,000 0) S00 76.5 0 100 
15 30,000 3.3 0 100 0 100 


to avoid previous contact with sunlight. The data are presented in Table VII. 
Examination of the data shows that sunlight gave results similar to those ob- 
tained with ultraviolet light. 

The value of conducting the tests simultaneously is strikingly demonstrated 
by comparing the fluctuations in killing rates on glass in the different tables. 
(Comparing the same organisms on different days, very marked variations were 
obtained. Such variables as humidity, amount of inoculum and viability of the 
organisms are very difficult to control, except when all the tests are made simul 
taneously. 

CONCLUSIONS 

1. Desiceation plays an important role in the self-disinfection of the skin. 

2. Living skin has an inherent ability to destroy bacteria implanted upon 
the surface. 

3. A residual germicidal action is imparted to the skin by irradiation with 
ultraviolet light. Both a local and systemic reaction is obtained. The loeal 
action is more intense than the systemic action. 

4. Exposure to sunlight causes an inereased killing action similar to that 
obtained by irradiation by ultraviolet light. 
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THE POSSIBILITY OF A PRESSOR PRINCIPLE IN THE BLOOD 
OF PERSONS WITH HYPERTENSION®* 


AN EXPERIMENTAL STUDY 


ALBERT H,. Euiior, M.D., AND FRANKLIN R. Nuzum, M.D., 
SANTA BARBARA, CALIF, 


HE elevation of blood pressure in arterial hypertension is due to increase 

of peripheral resistance in the arteriolar bed. Pathologie alteration of the 
arterioles sufficient in extent and degree to cause mechanically an increased re- 
sistance is not found at necropsy in patients dying of hypertension.t Spasm of 
the arterioles, or better, increased tonus of the arteriolar walls, which varies in 
degree and intensity and probably precedes structural changes, is a conception 
which satisfactorily explains the disturbance of the circulation in this disease. 

Increased arteriolar tonus could conceivably be brought about in one or 
both of two ways, namely, by vasoconstrictor influences mediated through the 
vegetative nervous system, or by the direct action of a substance circulating in 
the blood stream upon the smooth muscle cells of the vessel wall or the nerve 
endings about them. The first hypothesis lends itself with difficulty to experi- 
mental study. With the second hypothesis in mind, investigators have repeatedly 
attempted to demonstrate a vasoconstrictor activity of blood or its constituents 
obtained from patients with hypertension. Attention has been focused upon 
the possibility of an hyperadrenalinemia, as suggested by Vaquez. Various 
biologie tests have been studied which are supposedly specific for and very sensi- 
tive to adrenalin. The positive results obtained by early workers were 
disproved by O’Connor? and by Hiilse,s who showed that the tests are not 
specific and that the vasoconstrictor activity of serum may depend upon the 
process of clotting. However, ILiilse demonstrated a ‘‘sensitizing’’ effect of 
serum obtained from patients with c¢hronie glomerulonephritis upon the blood 
pressure response of the experimental animal to adrenalin. The serum of 


*From the Laboratories of the Santa Barbara Cottage Hospital. 
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patients with *‘primary’’ hypertension had no such effect. Recently Kahlson 
and Werz' using the rabbit ear perfusion technic, concluded that fresh blood 
from patients with thyrotoxicosis, fevers, and hypertension contains a vaso 
constrictor principle which is not present in the blood of normal persons. bh 
their experiments the factors of viscosity, temperature, and the possible sensi 
tizing effects of serum were carefully controlled. These workers were not dea! 
ing with a constrictor substance the result of clotting because citrated whol 
blood perfused within three minutes of drawing was used. Their results are o: 
much interest but should be corroborated. 

Another method of approach to the problem is to determine the blood pres 
sure response of the experimental animal to the injection of whole blood or serun 
obtained from patients with hypertension. This has received comparatively 
little study and the results are conflicting. Stewart and Cushing® mentioned 
injecting 5 to 10 e.e. of such serum into dogs. In three out of five experiments 
there resulted a fall in blood pressure, in the remaining two there was no effect 
(theorghian and Niculeseu,® working also with serum, found that the blood pres 
sure of the rabbit was uniformly raised as much as 28 mm. He by intravenous 
injection of doses up to 5 e.¢., while the injection of similar amounts of serum 
from persons without hypertension did not influence the pressure. The hyper- 
tensive serum was furthermore more toxic for the rabbit than normal serum. 
Working with vagotomized cats **desensitized’’ by repeated small intravenous 
injections of whole blood, Danzer, Brody, and Miles’ produced a pronounced 
rise in blood pressure which they attributed to the presenee of a pressor sub- 
stance in the blood of persons with hypertension. Unless the preliminary proce 
dures of desensitization and severance of the vagi were carried out, depressor 
and bradyeardie effects which they considered as due to anaphylactic phenomena, 
entirely overshadowed the otherwise obvious pressor response. Curtis, Moncrieff, 
and Wright,’ using a similar technic, were unable to confirm these results. 
Injections of from 10 to 20 e@.e. of whole blood obtained from persons with 
both normal and elevated blood pressures failed to produce in desensitized cats 
any pressor effect other than could be explained by the volume of fluid injected. 

It was felt that the conflicting results of these investigators justified a repeti- 
tion of these experiments. An attempt was made to allow for uncontrolled 
factors by making a comparatively large number of observations and comparing 
the results with those in a control series. Particular attention was paid to using 
fresh whole blood for injection, thus avoiding the formation of a vasoconstrictor 
substance due to clotting. This was a factor not sufficiently considered in many 


of the experiments described above. 
METHOD 


The earotid blood pressure of a full-grown rabbit under sodium amytal 
anesthesia (0.08 em. per ke. by ear vein) was registered directly with a mereury 
manometer, The blood to be tested was drawn with a large needle from thi 
anticubital vein and the syringe gently emptied into a flask containing enoug! 
sodium citrate to make a total concentration of O.4 per cent. The blood was 
brought immediately to the laboratory and injected into the external jugu- 
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The lapse of time from the withdrawal of the blood 


to its injection was usually about five minutes and never over fifteen minutes. 


A fresh animal was used for each determination. 


was 3 ¢.c. per kilogram. 


The amount of blood injected 


The lethal dose of the blood both from persons with 


normal blood pressure and those with hypertension was approximately the same, 


namely, 6 to 8 ee. per kilogram. 


In the earlier experiments desensitization was 


attempted by giving repeated small intravenous injections (0.1 to 0.5 ¢.«.) 


before the massive dose. 


In some instances the animals were atropinized and 


the vagi were severed. These procedures did not appreciably influence the 


pressor response, 


The patients from whom the blood was obtained were carefully studied as 


to renal function, degree of arterial disease, and height and lability of the blood 


pressure, 


With the exeeption of one patient who had malignant hypertension 


and renal failure, they belonged to the essential hypertension group with eon- 


stantly elevated quite stable blood pressures. 


thrombosis resulting in a lasting fall in blood pressure. 


ESSENTIAL DAtA IN EACH oF 20 DETERMINATIONS USING THE 
CONSISTENTLY NORMAL OR ELEVATED BLOOD 
weenie WEIGHT OF | AMOUNT a . oa 
=n RABBIT OF DESEN ATRO- VAGOT- 
Le ( KILO- BLOOD SITIZED | PINIZED | OMIZED 
PRESSURE SESS 
GRAMS) INJECTED 
¢.c, 
A. lL. 3.2 9.6 | 
K. F. ae 9.9 t 
A. E. 23 9.6 { 0 (0) 
Ss. W. 97 8.1 4 0 0 
L. M. 3.6 10.8 0 0) 
KF. B. 1.3 12.9 0) 0 
EB. H. $.] 12.3 0) 0 
A. ¥. 3.7 11.1 0 0 
J. B. 3.2 9.6 0) 0) 
aay $.5 13.5 0 0 (0) 
Essential 
hypertension 
ns. ¥. $.4 17.6 0 0 
EF. M. 1.0 12.0 (0) 0 
E. F. 3.4 10.2 0 0) 
A.S. 3.5 11.4 0 0 
Mm. P. 3.6 10.8 0 0 
ie 3.4 10.2 0 () 
O.D. 1.2 12.6 0 0 
ye 3.9 11.7 0) 0 
A. HI. 3.1 9.3 0 0 0) 
y. Eh 1.0 12.0 0 0) 0 
Malignant 
hypertension, 
renal failure 
R. 3.6 10.8 4 0 0 





J. 


TABLE I 


One patient 


had 


coronary 


Similar curves were ob- 
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tained with his blood both before and after this occurrence. Blood from labora- 
tory workers and medical students with normal blood pressures was used for the 
control determinations. 


RESULTS 


In general, immediately following the injection there occurred a moderate 
rise in pressure of relatively short duration. This was succeeded by a_pro- 
nounced fall lasting usually some minutes with eventual return to the preinjee- 
tion level. The data in brief, meludine the height and duration of the initial 
rise, are given in Table I. In four of the control determinations no rise was 
recorded, while every rabbit in the hypertension series responded by an increase 
in pressure. This increase tended to persist longer in the rabbits receiving sueh 
blood than in those receiving blood from persons with normal pressures. The 
average rise of pressure in the control group was 4.8 © 1.4 mm. of He that of the 





TTiTTITT{T TTT TT y yee rr ye ert terete 
re) iS 30 4 60 75 90 105 120 135 


Time iq Secs, ——> 


Chart 1.—Blood pressure response of rabbits to the intravenous injection of whole blood from 
persons with normal and elevated blood pressures. 


hypertension group 9.2 + 1.7, giving a difference in average values of approxi- 
mately twice the standard deviation of the mean, 

The seatter and overlapping of the individual observations are well shown in 
Chart 1, in whieh, for each time interval of fifteen seconds, the values lying be- 
tween the average and the mode are plotted. The ehart also shows the secondary 
fall in pressure which was more pronounced in the hypertension group. 

In another limited series of experiments, the effect upon the rabbit's blood 
pressure of alcohol,* ether, and water soluble constituents of blood from persons 
with normal and elevated pressures was determined. The detailed data will not 


*Bohn, working in Volhard’s clinic (see Volhard, F., and Suter, F.:  “Nieren und A 
bleitende Harnwege,” 1: p. 422, Julius Springer, 1931), has uniformly produced a pronounced 
rise in the blood pressure of cats by the intravenous injection of alcoholic extracts of blood 
from patients with the ‘pale’ type of hypertension as typified by chronic glomerulonephritis 
and malignant nephrosclerosis. This finding has led Volhard to the conclusion that the elevation 
of pressure in such patients is the result of vascular spasm due to the presence of a “pressor” 
or “sensitizing” substance in the circulating blood. Its exact nature remains obscure. The 
elevation of pressure in essential or ‘‘red’” hypertension, on the other hand, depends upon a dif- 
ferent mechanism as alcoholic extraction of the blood from such patients failed to yield a 
pressor principle. Our results with this procedure are in conformity with this latter finding, and 
the patients tested belonged to the essential hypertension group, 
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be given because the results were uninformative. These fractions eaused uni- 
formly a transient depressor effect of approximately the same order of magnitude 
in all observations. 


DISCUSSION 


The nonphysiologi¢c nature of experiments of this type, with the unavoidable 
introduction of uncontrollable factors of obscure nature, was recognized at the 
outset. It was felt that negative results would not necessarily indicate the ab- 
sence of a pressor principle in the blood of persons with hypertension, whereas 
positive results might be significant. The results obtained, while suggestive, are 
statistically inconclusive because the difference in the average rise of pressure in 
the two series of observations does not exceed three times the standard deviation 
of the mean, 

The secondary prolonged fall in blood pressure following injection probably 
represents a reaction to foreign protein which could not be obviated entirely by 
attempted desensitization or other procedures. That this fall was more pro- 
nounced in the group receiving the hypertensive blood is probably attributable 
to the fact that desensitization was attempted only onee in this series as against 
a total of six times in the control series. 

It is fair to conclude from this study that the hypothesis of a pressor prin- 
ciple in the blood stream of persons with consistently elevated blood pressures 
should not be lightly abandoned but should be subjected to further experimental 
study for confirmation or refutation. 

SUMMARY 

The immediate blood pressure response of the rabbit to massive intravenous 
injection of fresh citrated whole blood from persons with normal and consistently 
elevated blood pressures was studied. 

In most instances a transitory rise of pressure followed by a prolonged fall 
resulted. 

The average initial rise of pressure of the animals receiving blood from 
patients with hypertension was slightly greater and generally more prolonged 
than that observed in the control series. 

Aleohol, water, and ether soluble fractions of such blood gave uniformly 
a transitory fall in blood pressure. 

The results of this study warrant further investigation as to the possibility 
of a pressor principle in the circulating blood ef persons with arterial hyper- 


tension. 
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MONOCYTIC LEUCEMIA* 
W. M. Fow.er, M.D., lowa Crry, Towa 


INCE the first description of monocytic leucemia by Resehad and Sehilling in 

1913" many similar eases have been reperted in the literature, although 
hematologists vary in their opinions as to the acceptability of many of these 
cases. Dameshek? in 1930 reviewed the literature on the subject and accepted 
sixteen of the reported cases and added two others. Additional cases have been 
reported since that time by Lawrenece® (three), Clought (one), Cooke® (one), 
Karlev® (one) and Asselstine’ (two), bringine the total, with the three cases 
presented here, to twenty-nine, 

With the recent popularization of Pappenheim’s technie for staining the 
leucoeytes by means of neutral red and Janus green, there has been added, if not 
a more accurate, at least another reliable method to aid in the differentiation of 
leucoeytie cells into the various series. This has served to arouse interest in 
monocytic leucemia, and in several of the more recently reported eases, including 
two of those presented here, the supravital method of staining has been used. 

Since some hematologists dispute the existence of this third type of leucemia, 
it seems best to present as much proof as possible, in the form of carefully 
studied eases, that such a condition does exist. 

Case 1.—W. I., a white male, aged sixty-four years, was admitted to the University 
Hospital becnuse of weakness, palpitation and moderate shortness of breath of a few weeks’ 
duration. On examination the heart and lungs were found to be normal except for moderate 
emphysema. The lymph nodes of the inguinal, epitrochlear and axillary regions were slightly 
enlarged and firm in consistency. Although the edge of the spleen could be felt the splenic 
dullness was not increased. The liver was not enlarged. 

There was a trace of albumin in the urine. The Wassermann reaction was negative. 
Gastrie analysis revenled an achlorhydria. The bleeding time, coagulation time and _ pro 
thrombin time of the blood were within normal limits, and the resistance of the erythrocytes 
to hypotonic salt solution was normal. The blood platelets were diminished. 

The patient was given two transfusions, following which he left the hospital but returned 
within a week because of increasing weakness. There had been no change in the physical 
signs except for a slight increase in the size of the superficial lymph nodes and of the liver. 


During the next few weeks a generalized lymphadenopathy developed, the nodes being firm, 


*From the Department of Internal Medicine, State University of Towa. 
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movable but not tender. The spleen and liver remained unchanged. The gums became spongy 
and necrotic and the face edematous. Blood cultures were sterile. The patient remained 
afebrile throughout. He became progressively weaker and died two months after his first 
admission to the hospital. 

Necropsy: The spleen weighed 170 gm. and showed a few hemorrhagic areas beneath 
the capsule but the splenic tissue was rather pale. The bone marrow was red with small 
grayish areas. The lymph nodes were enlarged and of a grayish color with small hemorrhagic 
areas, 

On microscopic examination there was an infiltration of all organs by cells having a 
small amount of eosinophilic cytoplasm and a somewhat notched nucleus. In many of these 
only a very small bit of cytoplasm could be seen. In addition to the above cells there were 
neutrophiles and other cells of the myelocytic series. There was a diffuse infiltration of the 
heart, liver, adrenals, and kidneys. The spleen showed an absence of germinal centers and 
the pulp was filled with the cells described above. The architecture of the Ivmph nodes was 
obliterated by the cellular infiltration and the bone marrow was likewise packed with cells of 
the same type. 


TABLE [| 
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7/31/28 43 2 420,000 47,200 2) 1] 13 74 
8/15/28 | 36 1,760,000 19.800 13 5} 14 ve 
8/18/28 25 1,990,000 50,900 17 18 Q > 9 
8/22/28 36 1,740,000 66,700 13 53 15 "3 \ 
8/27/28 28 2,790,000 | 111,000 18 17 5° 11 9 
9/ 1/28 | 124,000 39 13 on 9 
9/ 8/28 | 1,040,000 91,750 
9/11/28 | 20 960,000 | 142,000 30 2) 1] 6 | 
9/13/28 30 790,000 | 151,500 2] 57 18 { 
9/18/28 285,000 
9/19/28 770,000 | 223,000 


With Wright’s stain most of the nuclei of the monocytes were bean- or kidney-shaped 
and contained a fine reticulum of chromatin without visible nucleoli. The cell borders were 
very irregular, sometimes frayed out and in others thrown into many folds. Small projections 
of cytoplasm were common, some of which were almost pedunculated. The cytoplasm con- 
tained small reddish granules. Basophilic polymorphonuclear cells were rare and no eosin 
ophiles were found. All of the myelocytes were of the neutrophilic type. An occasional 
normoblast was seen but these were never numerous. 

At the time this patient came to the hospital we were not convinced that monocytic 
leucemia existed as a separate form and when first examined the diagnosis was thought to be 
either myelocytic leucemia or malignant lymphoma with extensive bone marrow infiltration. 
Repeated blood examinations, however, established the diagnosis of monocytie leueemia. The 
percentage of monocytes in the blood smear (48 per cent) was not as high as is reported 
in the majority of cases, 

If the supravital staining technic had been used in this case it is probable that many 
of the cells which have been classified as myelocytes on the dry smear would have been found 
to be of the monocytic series. The absence of basophiles and cosinophiles together with the 
size of the spleen and the necropsy report are distinctly against the diagnosis of myelocytic 


leucemia, 
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CASE 2.—S, A., a white male, aged forty-three years, was admitted to the University 
Hospital on Jan. 12, 1931. For five months he had noticed weakness, loss of weight, and an 
afternoon fever. Pustular lesions appeared on the skin but these underwent a definite chang: 
in character shortly before admission when they became firm, indurated, reddish areas without 
pus formation. Five days before admission he first noticed a swelling of the left lower jaw 
which gradually increased in size and developed an extremely offensive odor. At the sam: 
time a small tender swelling developed under the left mandible. 

Examination revealed moderate pallor of the skin and mucous membranes. There was a 
granular, grayish mass with an indurated border and a necrotie center on the lower left gum. 
Extending from this lesion was an area of induration leading to an enlarged node in th« 
submaxillary region which was tender, movable, and elastic in consistency. There were palpabk 
nodes in the right cervical, epitrochlear, and inguinal regions. The edge of the liver could 
just be felt below the right costal margin but the spleen was not palpable. There were red 
indurated areas of varying size on the forehead, lower face, neck, back, and buttocks. Thi 
largest of these was about 3 em. in diameter. 

Course: The lesion in the mouth progressed rapidly and involved the greater part of 
the lower jaw in spite of x-ray therapy. The sub-mandibular region became swollen and 
very firm from below the left ear to the angle of the jaw on the right. The skin lesions 
increased in number, especially about the neck. Some of these became pustular while others 
remained as indurated areas. Similar lesions appeared in the antecubital fossa at the site 
of venepunctures. Soft and movable lymph nodes about 1 cm. in diameter developed in both 
axillae and inguinal regions. The spleen gradually enlarged until it extended two finger 
breadths below the left costal margin. The temperature remained at about 103° F. with 
only slight remissions. The patient received two blood transfusions but grew progressively 
worse and died Jan, 27, 1931. 

Laboratory Examination: The urine showed 1-plus albumin and a few casts. The 
blood Wassermann was negative. Roentgenograms of the lungs and skeletal system were 
normal. The bleeding time, coagulation time, constrictor test, and fragility of the red blood 


cells were normal, but the clot retractility was poor. The platelets were slightly diminished. 
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The monocytes as seen on a dry smear with Wright’s stain were of two types: The 
first was a cell with a regular outline averaging 10 to 15 microns in diameter. It had 
abundant, clear, grayish lavender cytoplasm and a majority contained small, sharply defined 
reddish granules. A few of the cells had no granules and some had a cloudy or blotehy 
cytoplasm. The nucleus occupied about half of the cell area and had a definite fine chromatin 
network which was purplish in color. There were no large blocks of chromatin material and 


no visible nucleoli. The nuclei were frequently bean- or kidney-shaped with the cytoplasmic 
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granules grouped in the bend of the nucleus. Occasionally the nuclei were more irregular 
and in many cells it appeared to be folded on itself, producing irregular dense areas. 

The second type of cell was larger in size and was more numerous. On the periphery 
of these cells were one or more protrusions or buds of the cytoplasm, the smaller of these 
being clear and without granules, while the larger ones contained reddish granules in varying 
numbers. A few vacuoles were found in the cytoplasm, but no inclusion of foreign material 
was seen. There were fewer granules in this latter type, but the eytoplasm was otherwise 
like that of the smaller cell. The nucleus was irregular and lobulated, and the nuclear folds 
were present but less evident. The nucleus stained less deeply but the chromatin network was 
similar to that seen in the first type. No nucleoli were seen, 

Oxidase staining of the smear showed that 1.6 per cent of the white blood cells were 
oxidase positive, while a similar stain on a bone marrow smear showed 6.2 per cent of the 
cells to be oxidase positive. A suspension of bone marrow from the femur in blood serum 
showed that 19.1 per cent of the cells were leucocytes, whereas in a suspension from bone 
marrow obtained from a rib 32.1 per cent of the cells were leucocytes. This is in keeping with 
the fact that leucemic infiltration or metaplasia of the bone marrow is most marked in those 
areas which are normally most active in hematopoiesis. 

Supravital staining with neutral red showed about 40 per cent of the cells to have a 
rosette formation of the red granules about the concavity of the nucleus. Many of the other 
cells had fine granules evenly distributed throughout the eytoplasm and appeared to be 
monocytes without the rosette. The granules and their arrangement were distinctly different 
from those found in the myelocytes and lymphocytes. 

Necropsy: The liver was enlarged and soft in consistency, weighing 2900 gm. Both 
the surface and cut section were yellowish brown in color. The spleen weighed 550 gm., was 
soft, and on cut section showed numerous large hemorrhages and a destruction of the normal 
architecture. The kidneys were enlarged and soft, weighing 360 and 420 gm. They were 
mottled gray in color with numerous pinpoint hemorrhages on the surface, This grayish 
discoloration with hemorrhagic areas was present throughout the kidney parenchyma. The 
myocardium was pale and flabby and there were intramuscular hemorrhages. The mediastinal 
and mesenteric lymph nodes were enlarged and rather firm. The bone marrow of both the 
femur and ribs was hyperplastic and grayish in color. 

Microscopic Examination.—The capillaries of the lungs were packed with leucocytes. 
These cells, for the most part, were round or oval mononuclear cells which were two or three 
times the diameter of the erythrocytes. The nuclei were rich in chromatin and many had 
irregular indented and lobulated outlines. In another section through a bronehopneumonic 
area an exudate was present which was not made up of polymorphonuclear cells, but consisted 
for the most part of the mononuclear cells described above. The heart was diffusely but un- 
evenly infiltrated with the same type of cell. 

The spleen was congested and in places there were fairly large hemorrhages. It was 
densely infiltrated by these large mononuclear cells, some of which had a_ light-staining 
nucleus while others contained a dark-staining chromatin material. Giant cells containing 
six or more nuclei of both the light- and dark-staining types were abundant and a few mitotic 
figures were seen. Few neutrophiles were present. In the liver the same type of cell was 
present with the most dense infiltration about the portal canals. The tubules of the kidneys 
were encroached upon by the cellular infiltration. The normal architecture of the lymph nodes 
was lost and the sections were made up for the most part of mononuclear cells with an oe- 
easional giant cell. Practically all organs examined showed a similar histologic picture. No 
evidence of proliferation of the fixed reticular tissue was found, but the infiltration by the 


monocytes was so dense that this proliferation, if present, might have been obscured. 


CASE 3.—G. H., a white male, aged forty-four years, was admitted to the University 
Hospital because of an infection in the thenar eminence of his right hand which had followed 
a minor injury three weeks prior to admission. He developed a fever and lymphangitis which 
subsided after the application of hot, moist dressings. At the time of the subsidence of the 


general symptoms he noticed excessive salivation, and a swelling of the left cheek. Four days 
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later a similar painful swelling appeared on the right side of the face which gradually in- 
creased while that on the left disappeared. An abscess on the thenar eminence of the right 
hand was incised and a small amount of pus liberated, 

The patient was extremely weak and at times he was semicomatose or irrational. There 
was marked pallor of the sclera, skin and mucous membranes but there were no petechiae 
or other evidences of hemorrhage. There was a swelling of the right cheek extending down 
ward from the malar eminence over the face and submandibular region. The most prominent 
part of the swelling was just below the level of the line of closure of the teeth. This area 
was definitely tender to touch and was firm and indurated, but there was no discoloration of 
the overlying skin. The submandibular nodes were enlarged and firm on both sides but the 
enlargement was greatest on the right. There was excessive salivation and a very foul odor 
io the breath. On the inner surface of the right cheek was a grayish brown area of necrosis 
1.5 by 3 em. in diameter. The margins of this area were clear-cut and there was no indura- 
tion, discoloration or other evidence of infection in the surrounding tissue and it appeared 
to be purely a necrotic lesion. The inner surface of the cheek was diffusely swollen. The 
gingivae were swollen, infiltrated, and bled rather easily with pressure, although there were 
no spontaneous hemorrhages. The gingivae extended upward between the teeth as high as 
the incisor surfaces in some places, 

The posterior cervical, epitrochlear, axillary, and inguinal nodes were enlarged but. re 
mained discrete and movable. The cardiorespiratory system was normal. The liver and spleen 
were not palpable although the area of splenic dullness was definitely increased. At the base 
of the thenar eminence of the right hand was a red, indurated area with an incision in the 
center from which a small amount of seropurulent material could be expressed. 

Course.—During his first few days in the hospital the patient had a fever which reached 
102° F. on several occasions, but later the temperature beeame subnormal. A blood culture 
remained sterile. The patient’s skin was very warm and moist at all times regardless of his 
temperature, and he had frequent, drenching sweats. The lesion on the hand improved )ut 


those on the gums and cheek remained stationary. He became progressively weaker and the 
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erythrocyte count decreased despite two transfusions. He was mentally depressed and finall; 


demanded his discharge from the hospital. He died at his home on Noy. 23, 1931, about nin 
weeks after the onset of symptoms. 

Laboratory Examination.—Urinalysis showed a trace of albumin but no casts. The blood 
uric acid was 5.7 mg. per cent, urea nitrogen 14.7, creatinine 1, and cholesterol 59.5. A 
roentgenogram of the mandible showed no evidence of osteomyelitis. The hematocrit reading 
was 27 per cent and the blood platelets were normal. 

On a fixed smear the predominant cell in this case varied from 10 to 15 mierons in 
diameter, with the nucleus occupying three-fourths or more of the cell area. The configurations 
of the nuclei were extremely variable; a few were almost circular in outline, but the great 
majority were very irregular. Even in those with the most regular outline there was usually 
some degree of indentation, and practically none had a uniform density throughout the nucleus. 
‘The nucleus gave the appearance of being folded on itself so that there were sharply out 
lined dense areas, the outline of which could frequently be followed out to the periphery of the 
nucleus and found to coincide with a curve of the nuclear outline. Some of the cells had 

















Fig. 2.—Camera lucida drawings of monocytes with erythrocytes for comparison. One monocyt« 
is seen with the inclusion of an erythrocyte. Made from a fixed smear with Wright's stain. 


a horseshoe-shaped nucleus which frequently contained nuclear folds. The nuclei in all thes 
cells took a bluish purple tint with Wright's stain. The internal structure consisted of a 
definite reticular network with rather dense chromatin threads. There was no tendency of 
the chromatin to form in blocks and nucleoli were extremely rare. 

The cytoplasm was basophilic and varied in density from a light hyaline to a dark blue 
color which was blotchy or coagulated in appearance. There was no perinuclear clear area, In 
some cells there was only a very narrow rim of cytoplasm, usually visible in two or more 
places opposite nuclear indentations. A few fusiform cells were present and on a few cells 
there were small rounded cytoplasmic projections with indistinct outlines which suggested 
pseudopodia. For the most part the cytoplasm was agranular although a few had small bluish 
granules. One of these cells was found on a fixed smear with an engulfed red blood cell. 

With the vital stains the monocytes were found to have a very indistinct cell outline 
with many small cytoplasmic protrusions, pseudopodia and elongated processes which wer 
frequently drawn out to a point. The pseudopodia, when present, were at the opposite side 
of the cell from the nucleus, 

The nucleus in most cells was large and irregular in outline and occupied about three 
fourths of the cell body. 
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With neutral red the granules were distinctly different from those of the granulocytic 


series. The number of granules in the monocytes varied, but for the most part they were 
numerous and were commonly grouped at one side or in the bend of the nucleus. A few did 
not have this characteristic rosette, but showed granules scattered throughout the cytoplasm 
and some cells had a few granules scattered in other areas outside the rosette. The polymor- 
phonuclear granulocytes were extremely active, while motion in the monocytes was sluggish. 
Large red vacuoles appeared in the cells after a long period of observation. 

With Janus green only a few scattered mitochondria were seen. The number, size, and 
distribution of these did not correspond to those of the lymphocytes, and we were unable to 
trace any gradation indicating that there were transitional stages between the monocytes 
and lymphocytes. No cells were found with the very numerous, small mitochondria character 
istic of the myelocyte nor were transitional stages between the monocyte and granulocyte 
noted.s, 9 

Vacuoles were present in many cells, but none were found with incorporation of other 
cells or cell fragments, although one such cell was seen on a fixed smear. No amitotic or 
mitotic figures were seen. 

With a combination of Wright’s and peroxidose stain on a fixed smear, it was found 


> 


that 63 per cent of the monocytes contained the peroxidase ferment while 37 per cent had 


none, 
TABLE IV 
DIFFERENTIAL COUNT BY MEANS OF NEUTRAL RED 
10/22/31 10/24/31 | 11/2/31 | 11/3/31 
Monocytes 73 S4 5 6 
Lymphocytes 22 10 11 13 
Granulocytes 5 6 4 32 


TABLE V 


PEROXIDASE CONTENT OF CELLS 


| 10/21/31 | 10/25/31 | 10/28/31 11/1/31 11/3/31 
| | 
Much 2 | 2 11 2 | 2 
Little 16 30 40 40) 3 


None 82 68 49 58 60 


The cells of the last two cases presented several points of dissimilarity and 
by the existing criteria those in the third ease would be classified as the more 
immature forms of the monocytic series. These cells (Case 3) were somewhat 
smaller, the eytoplasm was more basophilie and less granular, pseudopodia were 
less in evidence, and nucleoli, while not common, were more numerous than in the 
cells of Case 2. We were unable to discern with either Wright’s, peroxidase, 
or supravital stains any convincing evidenee of transition between these cells 
and either lymphocytes or myelocytes. 

No conclusions as to the incidence of this condition ean be drawn from the 
number of eases reported in the literature except that it is a relatively rare form 
of leucemia. There have been admitted to the University Hospital during a 
fifteen-year period 782 cases of diseases involving primarily the hematopoietic 
system. Of this group, monocytie leucemia forms only 0.38 per cent, and of the 
164 cases of leucemia, it represents 1.82 per cent. There were 28 eases of lympho- 


cytic and 20 eases of myelocytic leucemia to each case of the monocytie form. 
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The etiology of monocytic leucemia is unknown, and although certain: 
features suggest an infectious basis, as in the case of other forms of leucemia 


the neoplastic origin seems most probable. 

Certain infectious processes closely simulate the various forms of leucemi: 
and must always be considered in the differential diagnosis. This differentiatio. 
is likely to be most difficult in acute infections which produce changes in thi 
blood picture resembling myelogenous leucemia, and in certain of such cases, ever 
the necropsy findings are suggestive of leueemia.'’ Other infectious conditions 
reproduce a blood picture similar to that of lymphoeytie leueemia. The most 
familiar examples of this are infectious mononucleosis!’ (glandular fever) and 
whooping cough. In other instances, tuberculosis may produce a leueemoid bloc 
picture of the lymphoeytie type. In one case observed personally, a child not 
only had the blood picture of lymphoeytie leucemia, but also the elinieal and 
laboratory findings of hemorrhagie purpura which so commonly oceurs in the 
terminal stages of this form of leucemia. It was only at necropsy that a general 
ized miliary tuberculosis was demonstrated. 

The infectious lesion which most closely resembles monocytic leucemia is 
Vineent’s angina. This condition will frequently produce a mononucleosis with 
an increased percentage of monocytes or of abnormal mononuclear cells resem- 
bling monocytes. The differentiation presents an added difficulty since the 
organisms of Vineent’s angina are almost invariably found on lesions of the 
mouth regardless of their etiology. 

The clinical picture of monocytic leucemia is essentially that of any acute 
leucemia, as has been emphasized in the literature.* *'*  Infiltrative lesions of 
the gums and necrotie areas in the mouth form an especially prominent feature 
in most cases, and progressive weakness, fever or sore mouth are the most fre- 
quent symptoms of onset. On physical examination, enlargement of the lymph 
nodes may be slight or absent, but is never excessive; the spleen may or may not 
be enlarged to palpation and percussion, but at autopsy it is usually found to 
be moderately enlarged. Although an aleucemie form may exist, the leucocyte 
count is usually elevated and may reach very high levels. The differential count 
shows a high percentage of monocytes, many of which are of atypical form be- 
cause of their immaturity. In practically all eases there are some myelocytes. 
A progressive anemia is a constant feature and a reduction of platelets with 
hemorrhagic tendencies is a common terminal event. 

The origin of the monocyte js, not definitely known and a clear conception 
of monocytic leueemia awaits a better understanding of this problem. A com- 
plete review of the subject will not be attempted here but only some of the con- 
flieting opinions presented. 

The theory that monocytes are derived from the myeloid series of cells in 
the bone marrow was held by Ehrlich'* and by Naegeli™ who would classify this 
type of leueemia as ‘‘monocytoid myelogenous leucemia.’’ Piney'® and Hitt- 
mair'® consider these cells to be of myeloid origin and believe that they ean 
demonstrate definite transitional stages between monocytes and myelocytes. 
These authors hypothesize that monoeytes develop from the reticuloendothelia! 
system, but only through the intermediation of the myeloblast. Clough" stated 
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that the term ‘‘monocytie leucemia is applied to certain cases in which, at first, 
large numbers of monocytes appear in the blood. These eases have run the course 
of an acute myeloid leucemia, with the appearance later of many myeloblasts in 
the blood.’’ However, he later reported a case of monocytic leueemiat and 
stated that recent studies yielded evidence that monocytes have an independent 
souree of origin from the reticuloendothelial system. 

Another view concerning the origin of monocytes is that they develop from 
the lymphocytic series of cells. Bloom'* states that monocytes and lymphocytes 
eannot be differentiated by either the dry, supravital or oxidase stains. He be- 
lieves that the monoeytes develop from lymphoeytes within the blood vessels 
where the flow is sluggish, and that he has traced transitional stages between the 
two forms. This view is also held by Pappenheim, Ferrata, Maximow, and 
Arneth."® 

The belief that monocytes are of independent origin, has ardent supporters 
who adduce experimental evidence to support their theory. Schilling!’ could 
find no histologie or hematologic transition between monocytic and myelogenous 
leucemia and concluded that monocytes had an independent origin. Kellum 
and Forkner®’ present experimental data to show that the monocytes behave 
independently of the other series and do not proliferate with either the myeloid 
or lymphoid eells. Sabin,??» *? with her coworkers and others who are working 
with the supravital stains, claim to be able to identify the monocyte by this 
means and assign to them an independent origin. 

Tissue cultures have yielded nothing to support either theory,'® sinee 
monocytes revert to macrophages in this procedure as do lymphoeytes and other 
specialized cells under the same conditions. 

From the evidence at hand the theory of the independent origin of the 
monoeyte seems most tenable, although it has not been definitely proved. This 
impression must be subject to revision if conclusive proof is fortheoming to 
show that they originate from a commen stem cell through the intermediation 
of either the myelocytie or lymphoeytie series. While it offers no direct proof 
of their derivation as a separate cell type, the existence of a leucemia with a 
predominance of monocytes and without marked involvement of, or a transition 


to, either the myeloeytie or lymphocytic series is of some significance, 
SUMMARY 


Three eases of monocytic leucemia are presented, two of which were studied 
by means of the supravital stains. The etiology, clinical course and diagnosis 
are reviewed briefly. The principal theories as to the origin of the monocyte are 
considered. In the light of our present knowledge, together with the fact that 
in certain cases of leucemia the monocytes proliferate independently of the other 
series, we believe it is justifiable to classify them as a separate series of leucocytie 
cells. 

Since this manuscript was prepared additional cases have been reported by Farrar, 
G. EK. and Cameron, J. D.: Am. J. M. Se. 184: 768, 1982 and Sydenstricker, V. P. and 
Phinizy, T. B.: Am. J. M. Se. 184: 770. 1932. 
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LABORATORY METHODS 


A SIMPLE ONE-STAGE TECHNIC FOR HEPATECTOMY IN THE DOG* 
WITH SOME REMARKS ON THE CLINICAL SYMPTOMATOLOGY OF TERMINAL 
HEPATIC INSUFFICIENCY 
J. Markowirz, M.D., Pu.D., M.S. 1n Exper. Sura., WALLACE M. YATeEr, 
A.B., M.D., M.S. 1x Mep., Ano W. H. Burrows, Wasuincrox, D.C. 


WO methods are commonly used to excise the liver of laboratory animals. 

The classical method of hepatectomy devised by Mann (1921) of The Mayo 
Clinic has proved to be an eminently satisfactory procedure in the hands of 
those who have taken the trouble to learn it. This method is applieable only 
to dogs and consists of three separate operations, of which the first two are 
for the purpose of forcing a collateral circulation to develop for the portal 
vein and vena cava so that at a final operation the liver may be removed 
without disturbing the animal in any other way. The first stage of this 
method consists in a reverse Eck-fistula. Markowitz and Soskin (1927) modi- 
fied Mann’s principle for removing the liver by partially tying the portal vein 
and vena cava, so that the increased venous pressure caused a similar col- 
lateral circulation to develop. At a subsequent operation the liver could be 
removed, there being sufficient collateral circulation to permit an adequate 
venous return from the posterior half of the body. Mann and Graham (1928) 
have made some slight objections to this method on the grounds that it is not 
always certain that sufficient collateral vessels have developed at the time of 
the hepatectomy. Markowitz and Soskin were well aware of this but preferred 
to limit their method to a two-stage operation, realizing that it could always 
be transformed into a three-stage operation, the second of which would con- 
sist in completely tying the partially ligated vessels. In actual practice the 
two-stage method has worked out very well, not only for dogs but for rabbits, 
monkeys, and guinea pigs. Drury (1929), for instance, employed a modified 
two-stage method for removing the liver of rabbits with very satisfactory 
results, reporting liverless rabbits that lived as long as forty hours, 

These methods for removing the liver of dogs entail one or more prelimi- 
nary operations. It is no injustice to these methods to state that they are 
very troublesome and for the average physiologic laboratory are not applicable, 
since they entail the preparation and maintenance of a supply of animals 
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for long periods of time when a research is being done requiring liverless 
dogs. We thought it would be of value to physiologie workers if a simple 
one-stage method were available that would permit complete removal of the 
liver without disturbing the animal in any other way. It is true various 
procedures are described in the literature for tying off the vessels to the liver 
after shunting the portal blood to the vena cava, but these methods leave a 
gangrenous organ ‘in the abdominal cavity of which the toxicity, as Mann 
and his pupils, and Ellis and Dragstedt (1930), and others have shown, is 
enormous. In our opinion such experiments are rarely justifiable even apart 
from the facet that a certain amount of blood reaches the liver through the 
diaphragmatie veins and through the vena cava during the excursions of the 
diaphragm, 

Firor and Stinson (1929) recently described a one-stage method for removy- 
ing the liver of laboratory animals by cannulating the vena cava above the 
liver, the portal vein and the vena cava below the liver, and after this was 
completed, removing the liver by stripping from the eannula between these 
points. For this operation a Y-shaped cannula was used. The dogs lived 
from twelve to sixteen hours. Firor and Stinson were probably not dealing 
with animals that died of uncomplicated hepatie insufficiency. The operation 
of hepatectomy is in itself sufficiently disturbing to the animal without the 
added burden of complete obstruction to the portal vein and vena eava in the 
interval that these struetures are being connected by a eannula. This method 
for removing the liver may be recommended to those who have not mastered 
the technie for doing an Eek-fistula. We believe the method described by us 
to be a superior one. The operation is easier, and the animals live longer and 
in better condition. 

One of the great difficulties attending the final operation of hepateetomy 
by the multiple-stage method has been hemorrhage during the final removal 
of the liver. This is due to the abundance of new anastomotie channels in 
the peritoneal adhesions. In the hands of the inexperieneed this difficulty is 
generally an insuperable one and accounts for the relatively short survival 
period reported by most workers who have dehepatized dogs. One of the 
merits of a one-stage technie for hepatectomy is the absenee of hemorrhage 
from this souree. 

It is one purpose of this paper to deseribe a thoroughly tried, simple 
method for excising the liver of a dog at one operation, which lasts about forty 
minutes. The operative mortality is slight, once the technie has been mastered. 
This method is based on the principle deseribed by Firor and Stinson that a 
vlass cannula of wide caliber may be inserted in the inferior vena eava with- 
out the development of any clotting whatsoever over a period of twenty-four 
hours. In the dog some hours following hepatectomy the clotting power of 
the blood becomes diminished, partly due to its lowered fibrinogen content. 
Consequently one may predict that the inferior vena cava traversing the 
liver may be reconstructed by a glass tube without signs of clotting in the 
tube. At first view this observation appears irreconcilable with the current 
knowledge of the clotting of blood. Perhaps it may be explained on the grounds 
that normal blood contains traces of heparin and antithrombin which, when 
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the minute volume of blood flow is great enough, will suffice to prevent coagu- 
lation over a smooth foreign surface, such as a glass cannula. The prineiple 
for our method of hepatectomy, as illustrated in Fig. 1, is to tie a paraffined 
Pyrex glass cannula into the inferior vena cava, inserting it and tying it just 
below the liver. The glass cannula projects into the thoracie portion of the 
inferior vena cava. Blood from the hepatic veins can flow uninterruptedly 
around the paraffined glass surface. An KEek-fistula is then rapidly performed 
so that the portal stream is completely diverted to the vena cava below the 
eannula. The structures in the lesser omentum are next tied and the vena 
cava between the liver and the diaphragm is securely ligated over the ean- 
nula. The liver is then removed by several cautious cuts of the sealpel. 

It might be suggested that the removal of the liver in one stage is too 
drastie a procedure. The subsequent behavior of such dehepatized dogs, how- 
ever, compares favorably with the best prepared by the multiple-stage method. 
As a matter of fact, the preparations are usually in much better condition 
than the average animal dehepatized by the older methods, 

We are proposing this method as a preferable one to the multiple-stage 
methods for 90 per cent of experiments requiring the use of liverless dogs. 
When the investigation concerns the coagulation of blood, it would be wise to 
accept with reserve conclusions drawn from animals dehepatized according to 
this method. Such experiments should be confirmed on preparations from 
which the liver has been removed after forcing the development of a collateral 
eireulation for the portal vein and inferior vena cava. This is preferable, 
probably, to endothelializing the glass cannula by threading a strip of vena 
eava through it and reflecting it back over the ends. 


TECHNIC OF THE OPERATION 


The animal should be fasting for at least twenty-four hours. This is important if a 
long-lived preparation is wanted. 

The first step in the operation consists in aseptically exposing the inferior vena cava 
just below the liver, ether anesthesia being employed. A midline incision is preferable, since 
it saves time and avoids some loss of blood from the incision which an S-shaped incision 
always entails. After the insertion of a wide, self-retaining retractor, the intestines are col 
leeted in the hollow of the duodenal mesentery. They are then wrapped in hot towels and 
packed off from the operative site as described by Fishback (1927) in his account of The 
Mayo Foundation technic for the establishment of an Eck-fistula. The hepatorenal ligament 
is cut. The inferior vena cava is freed from its attachments to the posterior body wall 
between the lumboadrenal vein and the point where the vena cava becomes buried in the 
liver. Three ligatures are passed under the inferior vena cava, the middle one consisting of 
strong packing cord about 2 mm. in diameter. The caudad ligature is a temporary one to 
prevent escape of blood during the cannulation. It is tied tight over a small brass rod as 
near the lumboadrenal vein as possible. With the left index finger under the vena cava and 
occluding it, a small cut is made with scissors in this vessel about 5 mm, below the liver. 
A paraffinized Pyrex glass cannula about & em. long and of suitable diameter is inserted 
into the vena cava through this opening, air embolism being prevented by the operator 
holding his thumb over the protruding end. The assistant meanwhile raises the flap of the 
vena cava by a mosquito forceps. The cannula is pushed into the vena cava as far as it will 
go, and the caudad end is then made to engage in the freed segment of the cava by pulling 
gently on a thread tied around the cannula about 1.0 em, from its lower end (see Fig. 1). 


As soon as it engages, the previously placed ligatures are tied by the assistant on each side 
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of the opening in the vessel. The ligature over the brass rod is now quickly cut, thus re- 
licving the obstenetion to the inferior vena eava, The complete obstruction of the vena eava 
need not last more than ninety seconds. 

The second step of the operation consists in clearing away the tissue over the portal 
cin and establishing an Eck-fistula. This is performed by the ingenious méthod of Fischler 
ind Schréder 1909), as deseribed by Fishback The Eck-fistula should be rather low (at 
east 1 em, from the edge of the cannula) and the stoma should be as large as possible. 
lo make an Eck-fistula in a seven kilo dog is quite practicable, but animals smaller than this 
are not recommended, For a seven kilo dog the stoma should be about 2 em. long, It is pos 
sible to complete the operation successfully with a smaller stoma, but we have always felt 
that in such cases there may be a certain amount of back pressure in the portal vein. In 
placing the suture lines it is advantageous not to sew into the tributaries of the portal vein 
at the caudad extremity of the stoma, 

The third part of the operation consists of the hepatectomy proper. The portal vein 
is doubly tied at a safe distance above its last tributary (the pancreaticoduodenal vein) 
and cut between the ligatures and a Carmalt clamp. The three peritoneal folds binding the 
liver to the diaphragm are exposed and carefully cut. A packing cord ligature (2 mm. in 
diameter) is now placed around the vena cava between the diaphragm and the liver. This 
maneuver should be accomplished without exerting traction on the Eck-fistula, by introducing 
the left hand into the right subdiaphragmatie region. The ligature follows the hand as 
it is withdrawn from this track. The operator pulls the liver gently in a caudad direction 
as his assistant ties the ligature as tightly as possible around the cannula. The ligature 
must be tied below the white margin of the diaphragm’s junction with the cava, Three or 
four more ligatures are now tied to reinforce this one. The first loop of each tie is held taut by 
a mosquito forceps as the tie is completed. It is important in placing these ligatures to 
bear in mind the existence of the small lobe which is tucked away dorsally along the vena 
eava close to the esophagus. 

The liver is now removed with several cautious sweeps of the knife. This removes the 
strip of vena cava over the cannula which is left bare. The last trace of liver tissue which 
sometimes adheres to one of the ligatures must be carefully removed. 

There is often some bleeding from the diaphragmatic veins which have been torn as 
they course through the coronary ligaments. They should be picked up and tied. Bleeding 
does not occur from the Eck-fistula, either at the time of the operation, or at any time 
thereafter. 

We strongly recommend at this stage that one or two toy balloons be placed in the 
hepatic site. The balloons are inflated so that their volume is approximately that of the 
liver. 

The fourth stage consists in sewing up the incision and placing the animal in a warm 
environment until recovery is complete. This is rapid and usually sthenic in nature. Usually 
the animals are surprisingly. vigorous, walking about the room and displaying the normal 
curiosity concerning the objects in their environment. 


POSTOPERATIVE BEHAVIOR 


Such a preparation should live in good condition for about seventeen 
hours, if the nature of the experiment is such as not to injure the animal’s 
vitality and providing glucose is given intravenously. It may live twenty or 
more hours, but this is unusual. For the first ten hours or so, hourly injec- 
tions of one-quarter gram of glucose per kilogram should be given intrave- 
nously. Beyond this time the quantity of glucose necessary to maintain the 
blood sugar at a normal value has to be doubled, and if the animal lives over 
sixteen hours, it may have to be trebled, since hypoglycemic symptoms ulti- 
mately ensue at a higher blood sugar level than the clinical symptoms would 
suggest. 
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Ultimately, after a number of severe attacks of nausea and vomiting, the 
animal develops coma, which may be broken by remissions during which the 
dog gets up and walks about its cage. Pronounced tachyeardia exists. There 
is an abnormal pinkness of all the visible mucous membranes, as though indiea- 
tive of widespread vascular relaxation. The temperature is elevated. Soon 
the breathing becomes very noisy and may be irregular. Usually the pupil 
is much constricted. The combination of constricted pupils with flushed oral 
mucous membranes differentiates this condition of terminal hepatie insuffi- 
ciency from gross internal hemorrhage. The arterial blood pressure at this 
time, as measured in one dog, was 65 mm. mercury. The limbs show a peculiar 
rigidity with exaggerated tendon reflexes. 

This type of coma may last several hours, or only a few minutes, before 
the animal gives a convulsive gasp or two and dies. Usually the heart beats 
for some time after respiration ceases. 

At autopsy the fatty tissues of the body are jaundiced. There is always 
some bloody fluid in the peritoneal cavity which in well-prepared specimens, 
weighing about 12 to 13 kilograms, is usually about 150 ¢.c., and which on 
centrifuging can be demonstrated to be about one-seventh erythrocytes. The 
visceral peritoneum shows extensive capillary hemorrhages, Usually the mucosa 
around the orifices of the pancreatic and biliary ducts is hemorrhagic, some- 
times extremely so. This finding is more marked when the stoma of the Eck- 
fistula is undersized, but may be present to a marked degree when it seems as 
though the stoma is more than ample. The hemorrhagic state of the visceral 
peritoneum is very characteristic and is more obvious where this membrane 
has been abraded by indelicate handling during the hepatectomy. The autopsy 
is otherwise negative except for the occurrence of hemorrhages in various 
organs, which are especially constant in the subendocardial surface of the ven- 
tricles. The glass cannula is free of clot even when some of the shed blood 
contains enough fibrinogen to clot quickly in a test tube. 

If, after the hepatectomy the animal has been gently ecatheterized, sub- 
sequent specimens of urine will contain blood. This is constant even when a 
soft rubber catheter is used. It is an expression of the hemorrhagic tendency 
which is so prominent a feature of severe hepatic insufficiency. At autopsy 
hemorrhagic areas in the bladder mucosa will be noted. 

Certain clinical features presented by a liverless dog may now be men- 
tioned. At first the flow of urine is normal. Usually after the eighth hour 
the quantity of urine obtainable is scanty, even when large amounts of fluid 
are given intravenously. We have a feeling that this oliguria is partly related 
to the washing out of urea, of which the formation, as The Mayo Foundation 
studies have shown, is in abeyance after the hepatectomy. It may, of course, 
be due to a lowered arterial blood pressure in consequence of a gradual 
arteriolar relaxation. At any rate, large quantities of urine (50 to 75 e.e. each 
hour) are obtainable if the animal (in the oligurie stage) is given hourly 100 
mg. urea per kilogram and 1 gm, of sodium sulphate per’ kilogram, both dis- 
solved in about 75 e.e. of water. 

One of the striking and constant features about a liverless dog is the 
tachyeardia. Immediately after hepatectomy the pulse rate is high until the 
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anesthetic has been largely blown off. Ninety minutes after hepatectomy in a 
13 kilogram male bull terrier it was 124 (with the animal resting on its side). 
It hovered around this figure for three hours. Four hours after hepatectomy 
it was 165, around which figure it hovered for an hour or so. Seven hours 
after hepatectomy it was around 180. An hour later it was around 200, and 
by twelve hours after removal of the liver it was 280 per minute. Fourteen 
hours after hepatectomy it was around 260 per minute. An hour later it was 
300 per minute. Ten minutes before death (twenty hours after hepatectomy), 
the heart rate was 260 per minute. 

These facts indicate that the tachyeardia, being of gradual onset, is not 
the immediate result of the intraabdominal surgery. There is reason to believe 
that it is not due to an oversecretion of adrenalin, for such quantities of 
adrenalin would cause dilatation of the pupil and pallor of the visible mucous 
membranes. Moreover, these facts were manifested by an adrenalectomized 
liverless dog. 

Roughly speaking, the intensity of the tachycardia is proportional to the 
severity of the animal’s general condition. It is conceivable that it is reflex, 
dependent simply on a low blood pressure. The tachyeardia of simple hypo- 
tension, however, is rarely as marked as that of hepatic insufficiency. Also, 
we have positive evidence that the rapid pulse rate is independent of the 
nervous system, and is a direct result of metabolic changes ensuing in the 
liverless animal. This feature will be discussed in a future paper. We are 
here drawing attention to its great constancy, and to its approximate value 
as a criterion of the extent of the hepatic insufficiency. 

Vomiting is another characteristic symptom of severe hepatic insufficiency 
in the liverless dog. Sometimes it is severe and intractable, the animal stand- 
ing in the corner of its cage and retching steadily for several minutes about 
four times an hour. In our experience, vomiting always occurs if the animal 
lives long enough, and severe retching may occur intermittently for five hours. 
The act may exhaust the dog. Thus one of our dogs retched violently, and 
was dead five minutes later. We suspected in this instance that a diaphrag- 
matic ligature had slipped, allowing bleeding from the cut vena cava, but 
the autopsy was negative. 

The other symptoms of severe hepatic insufficiency, such as jaundice, hypo- 
glycemia, ete., have been adequately commented on by Mann and Magath. 
The terminal picture of hepatie insufficiency presents the following character- 
istic symptoms: Tachyeardia (with hypotension) ; jaundice; severe vomiting; 
hemorrhagic diathesis; oliguria; and (as Mann and others have shown) cer- 
tain characteristic changes in the composition of the blood, indicative of the 
role played by the liver in uricolysis, deamination and urea formation, the 
synthesis of blood fibrinogen and of blood sugar. These changes in aggregate 
undoubtedly tax the physiologic adjustments of the animal to the utmost, and 
the question may be asked whether the terminal coma is dependent on the 
combined trauma to the organism inflicted by these changes or whether ‘‘second- 
stage’’ hepatie insufficiency (Mann) is due to a specific abnormality, com- 
parable to the hypoglycemia which is undoubtedly the cause of ‘‘first-stage’’ 
hepatie insufficiency. Firor and Stinson stated that the ultimate cause of 
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death following hepatectomy is not clear. They ventured that it might be 
due to progressive heart failure, preceded by vomiting. The question must be 
left unsettled for the present. The terminal symptoms are certainly not due 
to absence of glutathione from the blood (as Cahoon has shown in this lab- 
oratory). 


We have encountered the supposedly characteristic rigidity and noisy, 
irregular breathing in a comatose dog, five hours after hepatectomy, when the 
autopsy disclosed that death was due to a slipped diaphragmatic ligature, with 
severe hemorrhage. McMaster and Drury (1929) failed, many hours after 
hepatectomy, to benefit liverless rabbits by connecting them to normal rabbits 
by means of a eross circulation, which is good evidence that the terminal 
symptomatology is not due to the absence of a chemical from the blood or 
tissues. They look upon the cause of death as an irreversible change, result- 
ing from a perverted metabolism consequent upon removal of the liver. How- 
ever, the question of whether the ultimate cause of death following hepatectomy 
is due to a deficiency of a chemical, or to a surplus of one or more noxious 
chemicals, must be left undecided for the present. 


SUMMARY 


A one-stage technic for excising the liver of dogs is described. 
The symptomatology of dogs with terminal hepatic insufficiency is de- 
seribed. 


At our request, Dr. F. C. Mann kindly investigated the feasibility of our method. He 
reported that it was feasible and satisfactory in his hands. 
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THE DETERMINATION OF NONPROTEIN NITROGEN WITH SPECIAL 
REFERENCE TO THE KOCH-McMEEKIN METHOD*t 
CorNetius A. Daty, M.S., ALBANY, N. Y. 

HE determination of nonprotein nitrogen by the Folin method! is, perhaps, 

the most difficult of the routine analyses made on blood. Inexperienced 
technicians, especially, have a great deal of trouble in obtaining clear solutions 
free from particles of silica. When Folin’s original instructions are followed, 
it is almost impossible to avoid the separation of silica from the glass during 
digestion. This is the result of heating the digestion mixture for too long a 
period. However, if the acid mixture is heated rapidly until it has a light green 
color there is much less danger of the glass being attacked. 

We have found that the best results are obtained by quickly boiling down 
the solution with a high flame until the ignition tube is completely filled with 
dense white fumes of sulphur trioxide. Then the flame is partly reduced so that 
the digestion mixture still boils briskly. The heating is continued just to the 
point where the material has a light green appearance. The exact depth of 
color can only be determined by experience. It is essential to use a good 
quality quartz pebble to prevent ‘‘bumping,’’ since the ordinary grade of glass 
beads is readily attacked by the phosphorie acid in the digestion mixture. 

Although this technic eliminates turbidity due to silica it is open to several 
objections. In the first place there is the possibility that the oxidation will 
not be complete in the shorter digestion period. Also, close attention and eare- 
ful regulation of the flame are essential. For this reason it is difficult for one 
individual to run more than two or three determinations at a time. Even 
though adequate care is used, an occasional determination will require repeating 
or centrifuging because of the action of the digestion mixture on the glass. 

If the solution is nesslerized while turbid, there is an increased tendency 
for the nesslerized solution to become ‘‘cloudy’’ due to a slight precipitation of 
the reagent. When this occurs, after centrifuging the top of the white layer 
of silica precipitate will appear red. If this happens the determination must 
be rejected because the results will be low. On the other hand when the 
nesslerized solution is read in the colorimeter while turbid, either from a 
precipitation of the reagent or from silica, the results will be too high. The 
practice of many technicians in reading nesslerized solutions which are not 
entirely clear is likely to confuse the physician in ‘‘borderline’’ cases of nitrogen 
retention. 

Because of the disadvantages inherent in the Folin-Wu' procedure, many 


other methods and modifications have been proposed. The procedures of Koch- 


*From the Department of Biochemistry, Union University Medical Department, Albany 
Medical College. 
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McMeekin? and Wong* seem to be the most practical of these methods. Koch 
uses hydrogen peroxide for the oxidizing agent, while Wong employs potassium 
persulphate. Since both of the methods use only sulphuric acid for the diges- 
tion mixture, there is no danger of detaching silica from the digestion tubes. 

However, when sulphuric acid with peroxide or persulphate is used for the 
digesting agent, a precipitate of tungstic acid nearly always appears, either 
during digestion or after water is added. The color of the particles of tungstic 
acid may be white, gray, yellow, or yellowish green. These compounds, as 
emphasized by Morley,‘ are very soluble in sodium hydroxide. Therefore the 
turbidity due to tungstie acid disappears when the solution is nesslerized. 

Although the alkaline Nessler’s solution readily dissolves the tungstie acid, 
the reagent itself is affected in the process, so that the nesslerized solution is 
usually somewhat turbid. Therefore the methods of Koch and Wong have a 
very limited value in the determination of nonprotein nitrogen when the filtrate 
contains significant amounts of sodium tungstate. However, with trichloracetic 
acid filtrates the above methods give excellent results. 

As a matter of fact when only nonprotein nitrogen determinations are to 
be made trichloracetic acid is preferable to tungstie acid for removing the 
proteins. The solution filters faster and a larger yield of filtrate is obtained. 
Hiller and Van Slyke® have shown that a 2.5 per cent trichloracetice acid pre- 
cipitating mixture gives the same values for nonprotein nitrogen as tungstic 
acid. 

We studied the problems involving tungstie acid precipitation and silica 
formation by using the Folin’ tungstate precipitating solution with a standard 
nitrogen solution instead of blood. In this way the maximum effect of the 
tungstie acid was produced since the precipitating blood proteins remove vary- 
ing amounts of the tungstiec acid. We found that sulphurie acid had little 
power to hold tungstie acid in solution. On the other hand phosphoric acid 
proved very effective in preventing the precipitation of tungstic acid. 

It was thought that the advantages of both the Koch and Folin methods 
could be combined by using peroxide for the oxidizing agent and just enough 
phosphorie acid to keep the tungstie acid in solution, yet not sufficient to attack 
the glass. This combination did not prove entirely satisfactory because the 
new digestion mixture often removed extremely fine particles from the ignition 
tube, even though small amounts of phosphoric acid were present. 

Folin® recently reported that gum ghatti was very efficient in stabilizing 
colloidal solutions. Later Looney’ and Folin® found that the gum was a very 
satisfactory protective agent in the direct nesslerization of nitrogen solutions. 

We have worked out a modified Koch method in which gum ghatti and 
sodium citrate are used to prevent the precipitation of the color reagent when 
solutions turbid from tungstie acid are nesslerized. Hubbard® uses Rochelle 
salt to prevent the precipitation of Nessler’s solution but we find that sodium 
citrate is somewhat more efficient in our modified method. However, neither 
salt has very much protective power when used alone. As a matter of fact, 
nesslerized standard solutions of nitrogen do not seem to be quite as clear when 
either of the salts is present. Nevertheless, we believe that sodium citrate and 
gum ghatti together give better results than when the gum is used alone. In 
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order to simplify the procedure when many determinations are being made, the 
digestion mixture is made up with hydrogen peroxide. This peroxide-sulphurie 
acid solution will remain serviceable for at least a week at room temperature 
under ordinary laboratory conditions. 

The instability of the digestion mixture is not a serious disadvantage since 
a weak solution can be readily made stronger by adding a little more peroxide 
and sulphurie acid. However, if only an occasional determination is made, it 
is not worth while to make up the digestion mixture containing the oxidizing 
agent. The acid mixture No. 1 is used and the material oxidized during diges- 
tion, without removing from the flame, by adding a drop of 30 per cent 
hydrogen peroxide as soon as the contents of the tube become brown, just before 
the white fumes appear. 

We have found, as have others, that Koch’s Nessler’s solution is more 
satisfactory than Folin’s. Koch? used 12 ¢.c. of his reagent for a determination 
when the digestion mixture contained 50 per cent concentrated sulphurie acid. 
However, we prefer to use a digestion mixture containing 45 per cent sulphuric 
acid and to dilute the Nessler’s solution so that 15 ¢.e. will give the same final 
alkalinity as 12 ¢.e. of the original reagent. This dilute Nessler’s solution can 
also be used in the regular Folin method. 

In the Folin procedure the Nessler’s solution is usually measured in a 
eylinder and quickly added to the 35 ¢.c. of nitrogen solution in the ignition 
tube. Then the tube is stoppered and the solution is mixed. The results are 
usually satisfactory when this procedure is carried out quickly. The density of 
the Nessler’s solution is enough to cause, when quickly added, sufficient mixing 
to prevent a precipitation of the reagent. We prefer to nesslerize by pouring 
the reagent, and the sample diluted to 35 ¢.¢., simultaneously into a large 
beaker and then pouring back into the tube. In this way the'two solutions are 
uniformly mixed and there is less danger of turbidity. Also it saves the extra 
step of stoppering and inverting the tubes in order to mix. Ordinarily the 
same beaker may be used for all of the nesslerizations without introducing 
significant error. It is necessary to employ this technie when using the dilute 
Koch reagent since its density is insufficient to obtain satisfactory results when 
the nesslerization is made directly in the tube. 


REAGENTS 


A stock solution of sulphurie acid is prepared by adding 225 c¢.c. of C.P. 
concentrated sulphurie acid to 245 e.e. of distilled water in a liter flask. The 
acid should be added a little at a time and the solution cooled by rotating the 
flask in a stream of cold water. From this stock solution of sulphurie acid, two 
acid mixtures are prepared. 

Digestion mixture No. 1 is made up by adding 6 cc. of water to 94 ¢.c. of 
the stock sulphurie acid solution. This acid mixture does not contain peroxide 
and is used for making up the standard, and also when the oxidizing agent is 
added separately to the material being oxidized. 

Digestion mixture No. 2 is prepared by adding 3 e¢.c. of 30 per cent 
hydrogen peroxide to 47 ¢.c. of the stock sulphuric acid solution. If more con- 
venient, 3 per cent peroxide may be used. In this case 45 c¢.c. of ice cold C.P. 
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concentrated sulphuric acid is slowly added to 55 e.e. of ice cold 3 per cent 
hydrogen peroxide. Acid mixture No. 2, containing peroxide, is used for 
digesting the sample. 

Before using, it is advisable to titrate the two acid mixtures (peroxide does 
not interfere with the titration) with the modified Koch Nessler’s solution. One 
cubie centimeter of the mixture requires from 10.1 to 10.7 ¢.c. of the Nessler’s 
reagent, phenolphthalein being used as an indicator. Also, the amount of 
peroxide in digestion mixture No. 2 ean easily be checked. One cubic centimeter 
of the peroxide mixture should decolorize about 9.5 ¢.c. of 0.1 N potassium 
permanganate, When the digestion mixture decreases in strength until less than 
4.5 e.ec. of potassium permanganate is used up, more peroxide and sulphurie acid 
must be added in the proportion, 1 ¢.c. of 30 per cent hydrogen peroxide and 
0.8 ¢.e. of concentrated sulphurie acid to 25 ¢.c. of weak digestion mixture. 

For the standard nitrogen solution weigh out 0.236 gm. of ammonium sul- 
phate or 0.1911 gm. of ammonium chloride, dissolve in a little water and dilute 
to 1000 c.c. Three cubic centimeters of this solution are equivalent to 0.15 mg. 


of nitrogen. 

The 1 per cent solution of gum ghatti is made by selecting 1 gm. of the 
gum free from dirt and suspending it in a piece of gauze at the top of 100 ce. 
of water in a cylinder. After standing for ten or twelve hours the bulky residue 
in the bag is discarded and the clear gum solution used as it is. Best results are 
obtained when the gum is kept at room temperature without preservatives and 
made up fresh each week. 


For the modified Koch Nessler’s solution, dissolve 22.5 gm. of iodine in a 
liter Florence flask containing 20 ¢.c. of water and 30 gm. of potassium iodide. 
When the material has dissolved, remove 0.5 ¢.c. of the iodine solution and save 
for adjusting the reagent later in the procedure. Now add 30 gm. of pure 
metallic mereury to the solution in the flask and rotate the contents rapidly, 
keeping the mixture from becoming hot by holding under a stream of cold water 
from time to time. Continue shaking the flask until the supernatant liquid has 
lost practically all of the reddish yellow color due to iodine. Allow the particles 
to settle for a few minutes, then carefully decant the supernatant liquid and 
test for the presence of iodine by adding a few drops to a 1 per cent starch 
solution on a spot plate. Unless a positive test is obtained the solution may 
contain mercurous compounds. If the test is negative, add a few drops at a 
time of an iodine solution, using the 0.5 e.c. which was set aside, until a very 
faint test for iodine is obtained. Dilute at once to 200 ¢.c. and mix. To 975 
e.c, of an accurately prepared 10 per cent sodium hydroxide solution add the 
entire amount of potassium mercuric iodide solution prepared above. Now add 
27 c.c. of 10 per cent sodium citrate solution and dilute to 1600 ¢.e. Mix thor- 
oughly and allow to clear by standing. 

If this Nessler’s solution is to be used instead of Folin’s reagent in the 
regular Folin method, the sodium citrate is omitted. The alkalinity of the 
Nessler’s solution should be checked by titrating against 20 e¢.c. of normal 
hydrochloric acid, using phenolphthalein as indicator. From 12 to 13 ec. of 
the reagent will be required to neutralize the acid if the alkalinity is satisfac- 
tory. 
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PROCEDURE 


To 5 e«e. of blood filtrate in a Pyrex ignition tube graduated at 35 and 
50 ¢.e., add 1 ¢.c. of the sulphuric acid-peroxide digestion mixture No. 2 and two 
glass beads or a quartz pebble. Heat with the full flame of the micro burner 
until the dense white fumes of sulphur trioxide appear. Close the mouth of 
the tube with a small funnel and regulate the flame until the digestion mixture 
barely boils. At this point the material should be completely oxidized and the 
digestion mixture will be colorless. However, the presence of a tungstie acid 
precipitate will give a white, yellow or yellow green appearance to the contents 
of the tube. If there is a definite brown color due to unoxidized material, the 
digestion mixture is too weak and more peroxide must be added. Continue the 
very gentle heating for about two minutes, then remove from the flame. There 
are usually significant amounts of peroxide present at the end of the digestion 
but they do not interfere when the solution is nesslerized. When occasional 
determinations are made it is more convenient to use digestion mixture No. 1 
and add the oxidizing agent separately. Either 1 drop of 30 per cent or 10 
drops of 3 per cent hydrogen peroxide or 15 drops of a saturated solution of 
potassium persulphate may be used. In either case the oxidizing agent is added 
during digestion, just when the contents of the tube become brown. It is not 
necessary to remove the tube from the flame when adding the peroxide in this 
way since the digestion mixture still contains enough water to prevent spatter- 
ing. The small funnel is then placed in position and the digestion completed 
as deseribed above. 

When the digested material is cold, rinse the funnel, both inside and out, 
add 1 ¢.e. of 1 per cent gum ghatti and dilute to 35 ¢.c. In another tube place 
1 ce. of the digestion mixture without peroxide, No. 1, 3 ¢.c. of the standard 
nitrogen solution and 1 ¢.e. of gum ghatti and dilute to 35 ¢.c. Measure out 15 
c.c. of the Nessler’s solution with sodium citrate in a small cylinder. Now 
quickly pour the Nessler’s reagent and the 35 ¢.c. of nitrogen solution simultane- 
ously into a 400 ¢.c. beaker, whirl and pour back into the graduated combustion 
tube. (It is important for the solutions to be at room temperature when 
nesslerized since increased temperature encourages precipitation of the reagent.) 
In a minute or two after the air bubbles have disappeared the nesslerized solu- 
tions should be erystal clear. The standard and unknown solutions are nessler- 
ized as near together as possible and at once read in the colorimeter. Calculation 
of results is made in the regular way using tables or the general formula 



























Reading of S Vol. of U ms. N in ee. of S used x. 100 
Reading of U Vol. of S e.c. of U used 
tein nitrogen per 100 ¢.c. of blood. 





= mg. nonpro- 






Setting the standard at 20 mm..and using 3 ¢.c. of the standard nitrogen 
solution and 0.5 ¢.c. of blood, the above formula reduces to 
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iain 20 mg. N per 100 e.ec. of blood. 
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This modified Koch method has been checked against the Folin procedure 
and satisfactory agreement obtained. Most of the data given in Table I were 
obtained from single analyses but when check determinations were necessary the 


new method nearly always gave better agreement than Folin’s. For highly 
accurate results the nitrogen in the reagents should be determined by using a 
urea solution (made up with 0.5 per cent glucose) of known nitrogen content, 
in place of the blood filtrate. 


TABLE [ 
COMPARISON BETWEEN THE MODIFIED KocH AND FOLIN’s METHOD 


Mg. Nonprotein Nitrogen per 100 e.c. Blood 





1! 











NO. PATIENT DIAGNOSIS KOCH FOLIN DIFFERENCE DIFFERENCE 








mg. mg. mg. per cent 
1 C. G. Nephritis 42.0 43.5 -1.5 —3.5 
2 G. R. Nephritis 36.2 36.8 —0.6 -1.6 
3 F. B. Nephritis 93.5 93.9 —0.4 —0.4 
4 A. P. Nephritis 34.5 37.3 —2.8 —7.5 
5 | ae Nephritis 53.6 56.0 —2.4 —4.3 
6 3. Nephritis 69.0 68.2 +0.8 +1.2 
7 wx 2 Diabetes 36.4 37.5 -1.1 —2.9 
8 z. G. Diabetes 30.0 30.3 —0.3 -0.9 
9 ms We Diabetes 36.8 37.9 -1.1 —2.9 
10 E. F. Diabetes 42.3 40.6 +1.7 +4.2 
11 KE. H. Hypertension 64.5 61.2 +3.3 +5.4 
12 M. H. Surgical 35.3 34.5 +0.8 +2.3 
13 Mixed Hospital blood 63.2 64.5 —1.3 —2.0 
14 Mixed Hospital blood 29.0 28.1 +0.9 +3.2 
15 Mixed Hospital blood 30.8 31.9 -1.1 —3.4 











SUMMARY 


The period of digestion in Folin’s original directions is excessive for prac- 
tical purposes. Best results are obtained by stopping the digestion as soon as 
the brown appearance of the digestion mixture is replaced by a light green color. 

When sulphuric acid with peroxide or persulphate is used for the digestion 
mixture a white or yellow precipitate of tungstic acid nearly always appears, 
either during digestion or when water is added. This acid precipitate is soluble 
in the alkaline Nessler’s solution but the reagent itself is affected during the 
process of solution. 

A practical modified Koch method for blood nonprotein nitrogen is de- 
seribed. The new method was checked against the Folin procedure and found 
to be accurate. This method gives promise of being the most satisfactory one 
available for routine use in the clinical laboratory. 

The author takes pleasure in acknowledging his obligation to Dr. Arthur Knudson for 


assistance with the manuscript, and also to Miss Mary L. Blackmer for trying out the method 
in the Albany Hospital Laboratory. 
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A MICRO-KJELDAHL STILL* 


THomaAs P. Nasu, Jr., PoH.D., Mempuis, TENN. 


HILE various procedures have been proposed for the direct nesslerization 

of Kjeldahl digests in the determination of nonprotein and protein nitro- 
gen, preliminary distillation of the digests continues to be favored by many 
workers. For such distillations the still described herein has proved, through 
several years’ experience in this laboratory not only in students’ use but in more 
exacting requirements, exceptionally effective and convenient. 

The various parts of the apparatus (Fig. 1) may be assembled readily in 
any laboratory. An iron stand (No. ©) with heavy tripod base supports the 
entire apparatus. The iron rod is slightly loosened in the base so that all parts 
attached to the rod may be rotated simultaneously without altering their relative 
positions. Receiving vessel and micro-burner are supported upon adjustable 
wooden platforms. The condenser} has a straight inner tube of Pyrex glass of 
such diameter as will be admitted by a 50 e.c. volumetric flask; the jacket may 
be cut from a 100 ¢.c. graduated cylinder or other tubing large enough to carry 
2-hole rubber stoppers with water inlet and outflow tubes. <A trap between 
condenser and distilling tube is made from a discarded 25 ¢.c. pipette. Burner 
and condenser tubings may be passed through the crevices between the iron rod 
and the several attached clamps. 

With the still rotated to the rigist there must be sufficient clearance between 
the table and the end of the condenser tube to admit the receiving vessel. The 
latter is now raised and the still is rotated to the left until the vessel sits upon 
the wooden platform at such level that the tip of the condenser tube dips into 
the receiving acid. : 

Where the amount of nitrogen for digestion does not require more than 1 to 
2 e.c. of H,SO, the digestion is carried out in 25 x 200 mm. Pyrex test tubes on 
a microdigestion rack. As much as 30 or 40 c.c. of fluid may be boiled down 
safely and without attention in such a tube if a pinch of taleum powder is 

*Department of Chemistry, College of Medicine, University of Tennessee. 


Received for publication, November 11, 1933. 
fA West type condenser is to be preferred. 
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added. When the residue begins to char a small funnel with sealed stem is 


placed in the mouth of the tube; this prolongs the time required for clearing 


but avoids loss by spattering. When digestion is complete, the funnel is washed 
down by 10 to 15 ec. of water, a little more taleum is added, and sufficient 
saturated NaOH. The total volume for distillation should not be more than 20 
to 25 e.c. The tube is attached to the still, shaken to mix the contents, and 
clamped in position. Heating is begun and continued at the top of the liquid 























waz. 3. 


column, the burner being moved back toward the lower end of the tube as 
distillation proceeds, Because of the small total volume displacement of the 
entire system it is rarely necessary to distill over more than 10 c.c. to assure 
complete transfer of such quantities of nitrogen as should be employed. Before 
the bumping stage is reached in the distillation the still is rotated to the right 
so that the receiving vessel may sit upon the table and the condenser tube be 
out of contact with the receiving fluid. After some further distillation in this 
position the condenser tube is washed down. By removing the flame some of 
the wash water is drawn well up into the condenser tube and then expelled by 
a momentary reheating of the distillation tube. 
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The transferred ammonia may, of course, be estimated either colori- 
metrically or titrimetrically. We commonly employ this still for quantities of 
nitrogen ranging between 0.1 and 2.0 mg., and it is our experience that the 
step of transfer alone of such quantities does not introduce into the final value a 


measurable error. 





A STUDY OF THE KOLMER, KAHN, AND KLINE TESTS WITH 
SPINAL FLUIDS* 


Lucy S. HeatHMAN, Pu.D., AND MarGARET HiaGinporHan, B.A., 
MINNEAPOLIS, MINN. 


N 1931 Kline and Rein' published a microseopie slide precipitation test for 

spinal fluid with 1006 specimens, comparing it with a somewhat lesser num- 
ber of specimens, using the Mt. Sinai Hospital Wassermann reaction and an 
outside Wassermann test. They concluded that the slide test was somewhat 
more sensitive than the Wassermann test with the same antigen, and had the 
advantage of being much simpler in that it required no titrated hemolytic 
system. It had the advantage over the Kahn of not requiring a concentration 
of globulins. In 1932 Eller? and Rein compared the Kline microscopic pre- 
cipitation test on 500 spinal fluids with the Wassermann test (ice box fixation), 
the Ishii modified Kahn test, the albumin globulin ratio, and the colloidal 
gold reaction. They concluded that the slide test was more sensitive than any 
of these tests and gave results which agreed with clinical findings more fre- 
quently than did the other reactions. 

The purpose of the present study was to compare the Kline and Kahn 
precipitation tests with the Kolmer-Wassermann in order to ascertain which 
one of the precipitation tests might be used to greater advantage as a routine 
test with the Kolmer-Wassermann reaction in spinal fluids. The Kahn, as 
mentioned earlier, has the disadvantage of the time-consuming process of con- 
centration of globulins and of requiring much more spinal fluid than does 
the Kline. However, the problem immediately presented itself regarding the 
Kline test, as to whether this reaction would prove practical in a State Lab- 
oratory where all the specimens are shipped in, because of the fact that 
according to Kline the test cannot be carried out on fluids giving a negative 
reaction for sugar. It was soon evident that many of the specimens received 
in our Laboratories were negative for sugar as indicated by the Benedict test. 
The question of the disappearance of sugar from spinal fluid is apparently 
still controversial. Levinson*® states that ‘‘the decrease in the cerebrospinal 
fluid sugar is probably due to the lytie action of the cells and organisms pres- 
ent (P188).’’ He also states: ‘‘Many normal fluids do not contain sufficient 
sugar to be reduced by Fehling’s or Benedict’s solution (P258).’’ Chevassut,* 


*From the Minnesota Department of Health, Division of Preventable Diseases. 
Received for publication, December 6, 1932. 
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in a series of more than 200 spinal fluids, showed the fluids contained a 
specific glycolytic ferment, and that the sugar disappeared in a few days even 
when the fluid was kept under sterile conditions, but this change was accel- 
erated most at 37° and was inhibited at 0° C. On the other hand, Nielson® 
believes that the glycolytic process is due entirely to exogenous factors. He 
found glycolysis to vary greatly in spinal fluids, even sterile ones, in some 
beginning one hour after removal, and others not for thirty-two days. Staphylo- 
eocecie growth in the fluid did not influence the sugar content, but glucose 
fermenting organisms did. Furthermore, he found that leucocytes or tem- 
perature did not influence glycolysis. 

In our series we have grouped the specimens under sugar reaction (1) 
positive, (2) negative, or (3) insufficient material to carry out the sugar 
test. The specimens classified under treated syphilis are from syphilitie pa- 
tients in whom central nervous system syphilis had been definitely diagnosed, 
but includes some in which it was merely suspected. The untreated ones 
include specimens from patients in whom systemic syphilis had been diagnosed 
and previously treated, central nervous system syphilis now being suspected. 
Those unclassified include specimens in which no definite history could be 
obtained. It is regretted that more complete histories could not be procured 
to permit of a more detailed description. It will be noted by referring to 
Tables I and II, that while 1632 tests were carried out with the Kolmer and 
Kline, there were only 695 of these specimens in which the Kahn test was done. 


TECHNIC 

The technie as published by Kline’ for spinal fluids was followed with 
the exception that the antigen was made according to his 1931° modification. 
We have found it necessary to titrate the Kline antigen, as different lots may 
vary considerably. New antigen was standardized to conform with the former 
lot of our antigen used, and with antigen furnished us by Kline. The stand- 
ardization was accomplished by diluting the antigen with varying amounts of 
cholesterinized alcohol until uniform results were obtained, using the various 
antigens with at least 100 different sera of varying degrees of positivity as 
well as negative ones. Kline’s technic was also modified in that spinal fluids 
giving negative reactions for sugar were used in the test. A large majority 
of these fluids were clear; only very rarely were there heavily contaminated 
ones. Fluids were also tested in which there was insufficient material to carry 
out the Benedict test for sugar. The Kolmer’ technic was strictly followed. 
The Kahn® technic was used as given by him in 1929. All tests were read by 
two serologists and there was little variation in the readings. In this study 
we have considered 2+ to 4+ as positive in any test, although Kolmer con- 
siders a + as positive. Kline’s method of reading his test is as follows: ‘‘+ to 
4+ any test in syphilitic serum equals agreement,’’ which implies that a + in 
a syphilitic serum is considered positive. He further states that: ‘2+ to 4+ 
any test in nonsyphilitic serum equals false positive.’’ 


RESULTS 


In Table I is shown the agreement and disagreement of the Kolmer- 
Kline, Kolmer-Kahn, and Kahn-Kline tests respectively, according to the sugar 
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reaction, and in those in which there was not sufficient sugar to run the Bene- 
dict test. Although the percentage of agreement is variable for the several 
groups, the figures demonstrate no appreciable difference in agreement for 
specimens with or without sugar, respectively. In the total agreement the 
Kahn-Kline agreement is slightly higher (93.6 per cent) than in the Kolmer- 
Kline (93.0 per cent) or the Kolmer-Kahn (92.6 per cent). The figures are 
but a little higher than that of Kline’ for his slide test and the Mt. Sinai 
Hospital Wassermann test (92.3 per cent) in which all specimens contained 
sugar. The agreement obtained by Eller and Rein? with the diagnostic Kline 
test and the noncholesterinized Wassermann test in a combined group of proved 
neurosyphilities and nonneurosyphilities was 93.0 per cent, while their agree- 
ment in patients with no evidence of neurosyphilis was 99.59 per cent as com- 
pared to 97.3 per cent Kolmer-Kline agreement in our series in patients with 
no evidence of syphilis. Table I shows the percentage of agreement of the 
Kolmer, Kahn, and Kline with respect to positive and negative sugar reac- 
tions. This Table demonstrates that the agreement between tests is very close, 
irrespective of sugar content. The discrepancies which occur might possibly 
be explained by the difference in numbers of specimens in the two groups based 
on the Benedict test. Statistical caleulation has demonstrated no significant 
difference in any of these figures. Furthermore, statistical ealeulation has shown 
no significant differences in results of the Kline test with and without sugar, 
or the Kolmer and Kahn tests with and without sugar, respectively. In Table 
II in which the positives for each test are given it may be seen that the total 
percentages obtained for the Kolmer and Kline are identical, while the Kahn 
is slightly lower. Eller and Rein reported the Kline diagnostic test more sensi- 
tive than the Kahn. In our series the Kahn was more sensitive in treated 
vases, but the Kline more sensitive in untreated ones. 

In a few instances only were we able to carry out repeated Kline and sugar 
tests. Of 71 spinal fluids which gave Kline reactions of + to 4+, there was no 


TABLE II 


SHOWING THE PER CENT POSITIVES OF THE KOLMER, KAHN AND KLINE, RESPECTIVELY 








TREATED 
SYPHILIS 
(c. N.S.) 


UNTREATED NO HISTORY OF 


NCLASSIFIED 
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| %& NO. NO. % NO. 
Kolmer | | 181 £23 | 30. 36 1 
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change in this test in 52 (73.2 per cent) after an interval of two to nineteen 
days, regardless of the sugar test being negative later in all. In 10 of these 
after inoculation of B. coli the sugar test became negative but there was no 
change in the Kline. On a second examination in 13 (18.3 per cent) of the 71, 
the reaction was less marked; i.e., 7 giving 4+ became 2+; 5, 4+ became +; and 
one, 2+ beeame +. From a case giving a 4+, one specimen (1.4 per cent) became 
negative in five days. Four (5.6 per cent) giving a 2+ became negative in eight 
to nineteen days and one specimen (1.4 per cent) giving a + became negative in 
four days. In 14 specimens which had no sugar on the first examination, there 
was no change in + to 4+ Kline reactions. 














CONCLUSIONS 






In the series of tests carried out here the relation between the results of com- 
plement fixation reactions and the precipitation tests was very close in the groups 
containing sugar and the ones in which sugar was absent. Judging by our 
figures it would appear feasible to perform Kline tests on spinal fluid specimens 
in which the presence of sugar cannot be demonstrated, providing the fluids are 
not grossly contaminated. However, it is shown that in a few specimens in 
which repeated Kline tests were done, a change occurred in some. Whether this 
was due to the factor causing the disappearance of sugar is a point to be deter- 
mined. It seems logical that if a specimen is suitable for the complement fixation 
test, it should be possible to carry out a precipitation test, since it is a well- 
known fact that the substance which is responsible for the fixation of complement 
is responsible for the formation of the precipitate. On the other hand, comple- 
ment fixation and precipitation have quite different optimal conditions. How- 
ever, judging by the close agreement of our results of complement fixation and 
precipitation on fluids with and without sugar, it does not appear that the 
presence or absence of sugar is a factor. In the study made here the Kline test 
seemed to be preferable to the Kahn as a routine test with the Kolmer, since it 
gave a higher percentage of positives than the Kahn in untreated clinically 
syphilitie cases, while the Kahn offered no significant advantage over the Kolmer 
in treated cases. The performance of the Kline being more expeditious than 
the Kahn and being more easily read, offers an advantage over the Kahn. How- 
ever, the Kolmer test probably due to the fact that it is an ice box fixation test 
and, therefore, usually more sensitive in spinal fluids where often a small amount 
of reagin is present, generally appears to be superior to either precipitation test. 
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PREGNANCY, Simple Test for, Using Immature Female Albino Rats, Kelly, G. L. J. A. 
M,. A. 100: 1010, 1933. 





Intraperitoneal injections of from 5 to 15 ¢.c. of urine from pregnant women will 
cause premature establishment of the vaginal orifice in the albino rat weighing from 
30 to 40 gm., usually within from seventy-two to eighty-four hours. 

Intraperitoneal injections of the same amount of urine from nonpregnant women 
will not cause such premature opening of the vagina. 

Two animals should be used and the opening of the vaginas of both is read as 
positive; of one, as doubtful (the test should be repeated); of neither within ninety-six 
hours, as negative. 

If the vagina is open and the orifice obscure, one may see it by holding the animal 
by the neck and shoulder region and pulling strongly on the base of the tail. In this 
maneuver the abdomen should not be compressed. 


The main advantages are the simplicity of the test and the ease of reading the 
result. 


TUBERCULIN, Comparative Sensitiveness of the Pirquet and Intracutaneous Test, Aron- 
son, J. D., Zacks, D., and Poutas, J. J. Am. Rev. Tuber. 27: 465, 1933. 


It was shown in a comparative study that the intracutaneous tuberculin test is more 
sensitive than the Pirquet test in determining the incidence of tuberculous infection, and 
that the results obtained by the two methods are not directly comparable. 







TRANSFUSION: Technic for Direct Matching of Blood, Simpson, J. C. Am. J. Clin. 
Path. 3: 256, 1933. 





1. Draw a drop of blood from patient’s finger tip to the 1 mark in a leukocyte 
counting pipette and follow with 5 per cent sodium citrate solution to the 11 mark. 

2. Mix thoroughly by shaking and transfer to small glass vial suitably marked for 
identification. 



















3. Repeat for each donor. 

4. With an erythrocyte pipette, make a 9 to 1 combination of patient’s and donor’s 
blood by drawing blood from donor’s vial to the first or 0.1 mark and patient’s to the 
1 mark at top of lower portion of the pipette. 

5. Transfer mixture to end of a glass slide and mix by alternate sucking and blow- 
ing three or four times. Add a small drop of salize and cover with cover slip. 

6. Now make a 1:1 dilution by drawing patient’s blood from the vial to the 0.5 
mark and donor’s blood to the 1 mark. Mix and transfer to the other end of slide in 
same manner. 








7. Prepare a separate slide in this way for each donor. There is then a mixture of 
9 parts of patient’s blocd to 1 of donor’s at one end of slide and a 1 to 1 mixture at 
other end. 

8. Agglutination will show up both micro- and macroscopically in two or three min- 
utes at room temperature. 

9. If no clumping occurs in fifteen minutes transfusion is safe. 

10. Transfusion is dangerous if agglutination is present in the 9 to 1 combination. 
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11. If the 9 to 1 mixture is clear and the 1 to 1 shows agglutination, transfusion 
can be done but with caution; be ready to stop at once if untoward symptoms develop. 


TISSUE: The Adaptation of Formalin-Fixed Tissue for Mallory’s & Wright’s Staining 
Methods, Kernohan, J. W. Am. J. Clin. Path. 3: 255, 1933. 


The formalin-fixed material is washed briefly in running water or ammonia water 
(10 c.c. of tap water and approximately 60 drops of ammonia), although both these pro- 
cedures may be omitted. If there is much blood in the tissue, the ammonia water re- 
duces the formalin precipitate on the stained preparations. The tissue is fixed in Zenker’s 
solution for six to eight hours, and washed in running water for twenty minutes to 
half an hour. The tissue is placed overnight or longer in Weigert’s secondary mordant 
for myelin sheath sfains. It is then embedded in paraffin and cut and stained in the 
usual way with any of Mallory’s stains. 


SCARLET FEVER: The Addis Sediment Count In, Lyttle, J. D. J. Clin. Invest. 12: 95 
1933. 


’ 


The technic of Addis for the quantitative mensuration of protein, casts and cells in the 
urine has been applied to 14 cases of scarlet fever. All cases showed moderate transient in- 
creases in the excretion of protein and formed elements during the period from eight to 
forty-five days after onset of scarlet fever, 


URINE: The Addis Sediment Count in Normal Children, Lyttle, J. D. J. Clin. Invest. 
12: 87, 1933. 


The following is suggested as a tentative standard in normal children four to twelve 
years old: 


Protein 35 mg. 
Casts 10,000 
Red blood cells 600,000 


Epithelial and white blood cells 600,000 (male) 
1,000,000 (female) 


TUBERCULOSIS: Studies in the Pathogenesis of Primary. II: Tendencies in Adult Tuber- 
culous Infection, Sweany, H. C., Am. Rev. Tuber. 27: 575, 1933. 


A report has been made of 6 primary-like infections in adult individuals that reveal a 
difference from the usual type in that the lymph node complex was very small or entirely 
lacking. The variation is so constant in adult people living in civilized communities that it 
raises the question of whether it is not the rule in such individuals. A few hints are made 
toward a more rational pathologie classification of primary tuberculous lesions than is repre- 
sented by existing theories. 


TUBERCULOSIS: Studies on the Pathogenesis of Primary. I: The Regressive Lesion, 
Sweany, H. C. Am. Rev. Tubere. 27: 559, 1933. 


A study of the regression of the primary tubercle has been made, based on the findings 
in 188 pairs of lungs removed at necropsy, radiographed, and sectioned by a special method. 
The incidence and location of these lesions were found in keeping with the ideas of Kuss, 
Ghon and others, but there was a higher incidence of what appeared to be multiple primary 
residues. This was thought to be due to a more certain method of localization. Of 88 speci- 
mens of characteristic primary lesions 76 were in the parenchyma and 65 in the lymphatics. 
Twenty-three were located only in the parenchyma and 11 only in the lymph nodes. 

In 84 calcified parenchymal lesions bone was found in 22; while in 97 lymph nodes 
bone was found in 23, revealing practically no difference in bone formation between the 
local and lymphatic lesion and an incidence of 25.1 per cent of all without the usual lymph 
node exaggeration. The mechanism of calcification, ossification and resorption are described. 
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The question arose regarding the possibility of the liberation of tubercle bacilli as a result 
of the resorption of the walls of the primary lesion, because walls were entirely gone in more 
relatively young individuals (one seventeen years old) while bacilli were living in most large 
primary lesions in people under twenty-five years of age. 

Approximately half of the calcified parenchymal lesions may be seen on antemortem 
radiographs, for, out of 98 showing on the postmortem pictures, only 48 could be seen on the 
antemortem films. Ten contained very small primary lesions and thirty none at all. Many 
of these two groups showed a modified type of primary lesion, indicating that there had been 
only a partial sensitizing effect from the first infection. Six appeared to be adult primary 
lesions. 


WIDAL REACTION: The Bacteriology and Immunology of Enteric Fevers, Pijper, A. 
South African M. J. 8: 283, 1933. 


The author relies upon the complement fixation reaction for the early recognition of 
typhoid fever in preference to the Widal reaction the shortcomings of which he discusses. 

He ealls attention to the presence of and difference between H (flaky) agglutinins and 
O (dense, compact flakes) agglutinins and their differing clinical significance and also to the 
fact that O agglutinins can only be demonstrated when agglutination tests are made upon 
living organisms or upon alcoholic suspensions. 

He formulates the following rules: 

1. The Widal reaction, as commonly done with killed suspensions, elicits only H ag- 
glutinins and does not demonstrate O agglutinins. 

2. While typhoid patients may produce both H and O agglutinins, they all produce O 
agglutinins early in the disease. In many cases H agglutinins may never be produced or too 
late to be of diagnostic value. 

3. O antibodies are the same antibodies as those producing complement fixation, hence 
either test may be used for their detection providing that the agglutination test is carried out 
in accordance with the dicta above presented. 

4. Typhoid vaccination causes the production of H agglutinins which may show a non- 
specific increase in the presence of febrile reactions whereas O agglutinins increase in titre 
only when the patient has typhoid. 

5. H antibodies are valueless as a means of defense. O antibodies are the real immune 
bodies. 

From these premises the following deductions follow: 

a. The serologic diagnosis of typhoid depends upon the demonstration of O antibodies 
by complement fixation or suitable agglutination tests. 

b. The strength of the positive reaction, as it depends upon the presence of truly de- 
fensive antibodies, is of some prognostic value. In this connection the test is best correlated 
with the blood culture. 

e. Carriers frequently do not show H agglutinins but always show O agglutinins and 
may be thus recognized. 


d. Oral immunization (Besredka method) causes the production of O antibodies. 


DIPHTHERIA: Replacement of Toxin-Antitoxin by Toxoid With a Consideration of the 
Comparative Dosage, Park, W. H. Am. J. Pub. Health 23: 600, 1933. 


The conclusions advanced follow: 

The manufacturers should be required to state on their labels the number of flocculation 
(antigenic) units in the amount in the syringe or vial, or the number of units per cubic centi- 
meter. 

Two doses of from 5 to 10 antigenic units each are sufficient to immunize from 90 per 
cent to 98 per cent of young children, and of a somewhat less percentage of older children. 
jven 2 doses of 2.5 units each will give us as much immunity as 3 doses of 1 ¢.c. of standard 
toxin-antitoxin. If by refining we are able to obtain a much stronger toxin which does not 
produce tod much local irritation we may use one dose only. 
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Toxoid has an advantage over toxin-antitoxin in being much more stable. 
An interval of two weeks, or longer, is advisable between injections, but where it is 
much more convenient to make the interval only a week it is proper to do so. 






At any age after three months, infants respond well to injections of toxoid. The choice 






time in the country is probably at six months, or a little later; and in the city, nine months 
or a little earlier. The difference in the most desirable age is due to the fact that in the 
country a smaller percentage of infants obtain passive immunity from the mothers than in 







the city. 










RHEUMATIC FEVER, Blood Cultures in Children, Wilson, M. G., and Edmond, H. Am. 
J. Dis. Child. 45: 1237, 1933. 










A total of 536 blood cultures were sent to the laboratory for study. One hundred 
and forty-seven (26 per cent) were found to be contaminated (137 on the first and 10 on 
subsequent openings) and were therefore discarded. Of 389 blood cultures, 293 (75 per 
cent) remained sterile for the four-week period of study. Ninety-six (25 per cent) of 
the cultures were considered positive. 

Thirty-two of the uninoculated cultures were sent to the laboratory (unidentified) 
and subjected to identical bacteriologic examination. Two, or 6 per cent, were found 
to be contaminated and were discarded. Ninety-four per cent remained sterile throughout 









the period of study. 

Two hundred and thirty-six blood cultures from 67 children with rheumatic disease 
were studied. In 46 per cent of these children, positive cultures were secured. Positive 
cultures were obtained in 37 per cent during the active stage and in 41 per cent during 
an apparently inactive period. 

In the control series (which included normal infants and children as well as those 
who were ill or were convalescing from various infections), 153 blood cultures from 78 
children and 13 adults were studied. Forty-one per cent of these cultures were positive. 
Positive cultures were secured in 33 per cent of the healthy infants and children of this 









control group. 

The microorganisms recovered from all of the blood cultures were of 3 types, 
Streptococcus viridans, Streptococcus anhemolyticus and pleomorphic bacilli. About one- 
half of the organisms recovered were streptococci; the remainder were pleomorphic bacilli. 

The incidence of recovery of these organisms from both the rheumatic and the 








control series were comparable. 
The incubation period varied from three to thirty-two days. About one half of the 
strains (streptococci and pleomorphic bacilli) were recovered within a two-week: period 










of incubation. 


SPIROCHETA PALLIDA, Modification of Dieterle Method for Single Sections, Krajian, 
A. A. Am. J. Syph. 17: 127, 1933. 









1. Fresh blocks of tissue about 5 mm. thick are fixed in 10 per cent formalin at 
70° ©. for ten minutes. Of course, formol fixed tissue does not require this. 

2. Cut thin sections (5 to 7 microns) on the freezing microtome. 

3. Place the sections in the following solution for fifteen minutes at 70° C. 









Uranium nitrate 1.0 gm. 
Formic acid, C. P. 85 per cent 3.0 ¢.¢. 
Glycerine 5.0 ¢.c¢. 
Acetone 10.0 ¢.e. 
Alcohol, 95 per cent 10.0 ¢.c. 






4. Wash for a few seconds in distilled water. 

5. Place sections in a 0.75 per cent, aqueous solution of silver nitrate for one hour at 
wo °C, 
6. Wash in distilled water for a few seconds. 
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7. Place sections in 10 ¢.c. of the following developing solution for five to ten min- 
utes, to which, just prior to use, one drop of albumin glycerin fixative is added and 
thoroughly mixed. The egg albumen glycerin fixative is that commonly used to fix paraf- 
fin sections to slides. 


Hydroquinone 0.62 gm. 
Sodium sulphite 0.12 gm. 
Acetone 5.0 e.e. 
Neutral formaldehyde, C. P. 40 per cent 5.0 ¢.c. 
Pyridine 5.0 ¢.c. 


Saturated solution of gum mastic in 95 per cent 
alcohol 5.0 c¢.c. 
Distilled water 30.00 












8. Wash 
9. Draw sections onto slides, dehydrate with absolute alcohol, clear in xylol, and 
mount in xylol-gum damar. 


for a few seconds in distilled water. 


PERTUSSIS, Medium for Isolation, Bailey, J. H. J. Infect. Dis. 52: 96, 1933. 


The ingredients are: potato 200 gm.; potato starch, 18 gm.; chemically pure glycerin, 
30 c.e., and distilled water, 600 c.e. 

The potatoes are pared and cut into thin slices. A quantity of potato slices weigh- 
ing 200 gm. is placed in a tared double boiler along with the potato starch, glycerin and 
water. Potato flour may be used in place of the potato starch. The mass is then cooked 
for two hours, being stirred constantly until it thickens, then only occasionally. Thicken- 
ing usually occurs within ten minutes. At the end of two hours the water lost by evap- 
oration is replaced, and to each 1 ¢.c. of starch mass is added 3 ¢.c. of 0.6 per cent sodium 
chloride solution. The mixture is shaken thoroughly and then filtered through four layers 
of cheesecloth. This filtration is rapid. The filtrate is then distributed, in 200 c.c. lots, 
into flasks of convenient size (500 to 750 ¢.c.) and 10 gm. of agar added to each flask. The 
flasks are plugged and sterilized in the autoclave of twenty minutes at 15 pounds (6.8 
kg.) of pressure. This forms the stock base of the medium, and may be stored in the 
refrigerator until needed. To complete the medium, a flask of the base is melted, pref- 
erably in the autoclave, and when the melted medium has cooled to about 40° C., 200 c.e. 
of sterile defibrinated horse blood is added and thoroughly mixed. Then 6 c.c. of sterile 
half-normal lactic acid is added and thoroughly mixed, care being used to prevent froth- 
ing of the medium. The medium may now be poured into petri dishes or tubed. 

A medium for the isolation of B. pertussis should be a bright red to give optimum 
results. This fact has not received the emphasis due it. 


SYPHILIS, Comparison of Results Obtained With Kahn, Kline, Hinton, Meinicke, Sachs- 
Georgi, and Rosenthal Tests for, Burdon, K. L., and Duggan, L. B. Am. J. Syph. 17: 
110, 1933. 


The results of Kline, Kahn, Hinton, Sachs-Georgi, Meinicke, and Rosenthal tests 
performed at the same time on the sera from 400 individuals indicate that the Kline, 
Rosenthal, and Meinicke methods are the most sensitive, that the Hinton and Kahn tests 
are somewhat less so, and that the Sachs-Georgi test is comparatively insensitive. With 
the sera from 80 patients with late or latent syphilis the Sachs-Georgi method was posi- 
tive in no more than 6 per cent, while positive reactions were recorded with the Kahn 
test in 24 per cent, the Hinton in 28 per cent, the Kline in 56 per cent, the Meinicke in 
58 per cent, and the Rosenthal in 61 per cent. 

Comparison of the results of parallel tests by the Kline and Kahn methods on 1235 
specimens confirmed the greater sensitivity of the Kline over the standard Kahn test. 
The latter gave a reaction of slightly greater degree in only 7 cases (0.5 per cent). On 
the other hand, in approximately 14 per cent of the tests the Kline reaction was doubtful 
(+ or +) while the Kahn was negative, or definitely positive (++, +++, or ++++) while 
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the Kahn was doubtful, and in another 3.6 per cent the Kline test was positive and the 
Kahn entirely negative. 

In the great majority of instances the reactions of the more sensitive tests were 
justified by the known existence of syphilitic infection in the patients. False positive 
reactions were not observed with any of the methods except with the Kline test, and 
then only in 2 instances, when the ‘‘very sensitive’’ antigen emulsion was used. A few 
nonspecific doubtful (+ or —) reactions in normal sera were recorded, however, with all of 
the methods, except the Sachs-Georgi test. These reactions were observed most frequently 
with the Rosenthal test, but the number recorded rapidly declined as experience with the 
method increased. The next largest number were observed with the Kline test, doubtful 
reactions being recorded in about 3 per cent of the 227 normal sera tested. Less than 1 
per cent of the Kahn, Hinton, and Meinicke tests gave these reactions. 

Since all of the tests have been developed empirically, and none are, in a strict 
sense, specific for syphilis, there is no absolute standard by which their merits may be 
judged. They are all more or less efficient indicators of the same change in the serum 
which is the characteristic sign of syphilitic infection. The methods differ considerably 
in sensitivity when a certain particular technic prescribed by their originators is followed, 
as in the present series of tests. It must be realized, however, that the degree of sensi- 
tivity shown by a certain method in such a comparative study is not a fixed or constant 
attribute. Without any fundamental changes in the technic any one of the methods may 
be adjusted as to be more or less sensitive. It may be remarked parenthetically that the 
sensitivity of complement fixation tests is also subject to wide variation, and the state- 
ments sometimes seen in the literature to the effect that this or that precipitation test 
is more or less sensitive than ‘‘the’’ Wassermann test are utterly pointless. Among the 
precipitation tests the most useful are those which are most readily adjusted to different 
degrees of delicacy, and which give clear-cut reactions, easily controlled, throughout a wide 
range of sensitivity. With such a test, in the hands of a competent serologist who under- 
stands thoroughly the factors influencing that particular method, a really adequate sero- 
logic study of cases showing borderline reactions could be made, and these cases con- 
Economy of time and materials and ease of preparing 


stitute the only real problem. 
Thus, in appraising the various tests, their 


reagents are further qualities to be desired. 
general practicability is after all a primary consideration. 

With this in mind the authors believe the Kline and Kahn methods are to be espe- 
cially commended, and that the Hinton test is also acceptable, whereas the Sachs-Georgi 
and Meinicke methods are not satisfactory. When the Rosenthal test is conducted ac- 
cording to the new procedure described, it appears to be of practical value as a supple- 
mental microscopic test, particularly in laboratories where Kahn tests are done routinely. 

The authors’ results, as well as those of many other workers, show that no two 
methods ean be expected to yield identical reactions in all sera. Nothing is to be gained, 
however, by performing a multiplicity of different tests on every serum. It would seem 
that the most desirable arrangement would be to carry out first a simple, rapid, presump- 
tive test (conveniently a microscopic method), so adjusted as to be highly sensitive, such 
as the Kline test. This would result in the elimination from further consideration of all 
the frankly negative specimens which commonly comprise as much as 80 per cent of all. 
(The use of a presumptive form of the Wassermann test for the same purpose was long 
ago recommended.) The same test in less sensitive form, or perhaps preferably another 
well understood method, either a complement fixation procedure or a test tube precipita- 
tion test, may then be performed on the remaining sera. Those specimens showing border- 
line reactions should be subjected to still further testing by one of the methods in quan- 


titative form. 



























REVIEWS 


Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 














Asthma, Hay Fever and Related Disorders* 





HIS is a very readable primer on allergy for the use of the patient, a perusal of which 

will give him an understanding of how allergy behaves and what the allergist is attempt- 
ing to accomplish. It is not a guide to treatment in that there are no detailed instructions 

to be used in this or that case. It is, in effect, just what the author intended, an explanatory 
handbook of just what we are talking about when we discuss allergy. 





Diseases of the Heart; 


INCE Sir Thomas Lewis’ preeminence as a cardiologist is known by all, the value of the 

book under review may be taken for granted. Those who have read his earlier volumes 

realize the conciseness of his manner of presentation, the absence of paraphrasing and super- 

fluity. 

The present volume to an extent represents a milestone in the published volumes of 

Sir Thomas Lewis. First, his style while in no sense verbose is freer and more elastic. 

Second, there is a minimum of presentation of protocols and experimental observation. Third, 

and this is the real reason, he is writing the book for the general practitioner of medicine. 

It is not a report of experimental studies but a reference volume on the treatment of the 

; general run of cardiac diseases. The reader will not be baffled by finding that he must take an 

electrocardiographic tracing of each case or make special laboratory studies. These are of 

utmost value in ecardiae research and often of great value in clinical studies, but more often 
entirely unnecessary. 




















The author’s arrangement is original and most logical. The first section deals with 
vardiae failure in its various phases; the second with coronary thrombosis; the third with 
angina; the fourth with changes of rate and rhythm, and this is followed by discussions of 
valvular disease, effort syndrome, pulmonary edema, pericarditis, infection, hypertension, 
arteriosclerosis, congenital lesions, ete. 


LOI ABE ARE 


Seattered through the volume are statements which one could almost term aphorisms 
which the author has derived from his own experience and which we almost wish he had 
italicized. The following are examples. 


Sees A gE 


‘*Cardiac failure may be divided into two stages; the stage of symptoms or waning 
reserve and the stage of signs or of circulartory embarrassment and breakdown.”’’ 

**Tt is to be realized that by the time congestion of the venous system sets in, nine-tenths 
of the heart’s capacity to perform its task has been lost.’’ 

‘*Of the very numerous tests of cardiac efficiency . . . there is none that approaches in 
delicacy the symptom of breathlessness. ’’ 
‘*Tt is generally redundant to set up deliberate exercise tests.’’ 














*Asthma, Hay Fever and Related Disorders. A Guide for Patients. By Samuel M. Fein- 
berg, M.D., F.A.C.P., Assistant Professor of Medicine and Attending Physician in Asthma and 
Hay Fever Clinic, Northwestern University Medical School; Attending Physician, Cook County 
Hospital, Chicago. Cloth, pages 124, illustrated. Lea and Febiger, Philadelphia, 1933. 
{Diseases of the Heart. Described for Practitioners and Students. By Sir Thomas Lewis, 
C.B.E., F.R.S., M.D., D.Se., LL.D., F.R.C.P., Hon. D.Se. (Michigan); Physician in charge of De- 
partment of Clinical Research, University College Hospital, London; Physician of the Staff of 
the Medical Research Council; Physician in chief (prc tem.) Peter Bent Brigham Hospital, 
Boston; Honorary Fellow New York Academy of Medicine; Corresponding Member Association 


of American Physicians and Interstate Postgraduate Medical Association. Cloth, pages 297. 
The Macmillan Company, New York, 1933. 
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‘*A comparison between a healthy and an unhealthy individual is usually far less satis- 
factory than between the healthy and unhealthy states of the same subject.’’ 

‘*Tn studying cardiac failure at certain stages, the signs to watch are not in the heart, 
but in the veins and the liver, in the legs and at the bases of the lungs.’’ 





American and Canadian Hospitals* 


HIS reference volume takes its place alongside of the Directory of the American Medical 


, 


Association and Fifield’s ‘‘ American Physicians and Surgeons.’’ The editor has developed 
it with the cooperation and endorsement of the American Hospital Association and other 
similar interested associations. The first 80 pages contain brief historical descriptions by 
various contributors, of the development of the varicus hospital associations such as the 
American Hospital Association, the Canadian Hospital Council, the American College of 
Surgeons, the Catholic Hospital Association, the American Nurses’ Association, the American 
Occupational Therapy Associution, ete. The major portion of the 1500 pages is taken up with 
descriptive information of hospitals in the United States and Canada, including even such 
remote sections as Alaska, Guam, Hawaii, the Philippine Islands, Labrador, Newfoundland, 
and Yukon. 

The list is not selected but includes all hospitals, even small hospitals in the smallest 
villages with no more than five beds. Information available includes description of types of 
cases admitted and not admitted, special departments, ownership, whether approved by 
American College of Surgeons, whether approved by the A. M. A. for interneship, whether a 
member of the American Hospital Association, size, cost, rates, annual statistical information 
on admittances, and officers. 

This is a volume that should be had by all hospitals, by business enterprises trading with 
hospitals, and should be available for physicians to consult in selecting the proper hospital to 
which to send their patients. 





A Standard Classified Nomenclature of Disease; 


HE need for a standardized nomenclature acceptable to all physicians has been strongly 

felt for many years. Classifications such as those used at Bellevue Hospital, the Peter 
Bent Brigham and associated hospitals and others have been acceptable but have not been 
uniform, Since there is rather constant need for revision and since these revisions should 
where possible correlate the various classifications, a conference on nomenclature of disease 
was held in New York on March 22, 1928, upon the invitation of the New York Academy of 
Medicine. From this developed a large committee entitled ‘‘The National Conference on 
Nomenclature of Disease’’ headed by Haven Emerson, Henry Christian, and E. H. L. Corwin 
and having representatives from a large number of the leading medical societies in the 
country. 

The outcome of the work of the conference is the present volume. It has been approved 
by all of the cooperating organizations and hospitals and will undoubtedly be from now on 
the recognized standard. The volume is not large and is so thoroughly indexed that no 
physician will have any difficulty in adapting his diagnoses to the standard nomenclature. 
The advantages of such a procedure are obvious and it is hoped that all hospitals will hence- 
forth require that diagnoses be recorded in accordance with this nomenclature and that all 
physicians who make any attempt at keeping cross files by diagnosis will adopt it. 

*American and Canadian Hospitals. A Reference Book giving Historical, Statistical and 
other information on the lospitals and Allied Institutions of the United States and Possessions, 
and the Dominion of Canada. Edited by James Clark Fifield with the co-operation of the 
Soattene Hospital Association. Cloth, pages 1560. Midwest Publishers Company, Minneapolis, 


. 7A Standard Classified Nomenclature of Disease. Compiled by The National Conference 
on Nomenclature of Disease. Edited by H. B. Logie, M.D., C. M., Executive Secretary. Cloth, 
pages 702. The Commonwealth Fund, New York, 1933. 
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EDITORIAL 


Liver and Brain—Pathologic Interrelationships 


HERE has been, shall we say, a superstition through the ages that the 

liver, under certain circumstances, exerts a direct action upon the mind 
or the brain. That the supposed action is a deleterious one is indicated by 
such terms of ancient usage as ‘‘choleric’’ and ‘‘hypochondriac.’’ In more 
recent years the possibility of recognizable organic damage to the central 
nervous system due to or associated with liver pathology has aroused more 
serious interest. The most clear-cut example is the occurrence of hepatie cir- 
rhosis with degeneration of the lenticular nucleus, described by Wilson in 1912. 
Many instances have since been reported of comparable coincidences in which 
hepatic disease preceded nervous manifestations and in which at autopsy spongy 
degeneration of the corpus striatum with proliferation of blood vessels and 
glia cells, was demonstrated. Some of these cases have presented symptoms 


1300 























EDITORIAL 1301 


suggestive of Parkinson’s disease, others have resembled encephalitis. Ocea- 
sionally there has been an associated combined degeneration of the spinal cord. 

Explanatory theories have suggested that liver disease was the primary 
factor, with secondary toxie action on the nervous system; or that both the 
hepatic and central nervous pathology were due to some intoxication from 
another souree within the body; that the combined occurrence of disease in 
both tissues represented some congenital deficiency ; or that the original source 
of trouble was in the central ganglia regulating hepatic circulation, disease 
of which produced functional disturbances in the liver. 

Crandall and Cherry have recently observed that in individuals suffering 
from hepatic disease there is a decided increase in the oil-splitting lipase in 
the serum. This was also observed in patients suffering from multiple sclerosis. 
Crandall and Weil have recently reported further experimental investigations 
in this regard. 

These authors have produced liver damage in dogs by either of three 
methods; ligation of the common bile duct; ligation of the pancreatic duct; 
and by an Eck fistula. They have also produced liver damage in rats by 
ligation of the common bile duct. Ligation of the pancreatic duct or bile 
duct produces a severe fatty degeneration of the liver. The degeneration is 
not as severe in rats. 

The blood serum of dogs with liver damage produced by these methods 
contains a substance, appearing on and after the fourth day, which exerts a 
destructive action on the spinal cords of rats, in vitro. There results a pro- 
nounced swelling and fragmentation of the nerve fibers with demyelinization, 
destruction of glia nuclei and, apparently, granular disintegration of the nerve 
cells. This appears not to be due to the increased lipase content since after 
several days the lipase level fell while the toxie action persisted or became 
more pronounced. The authors succeeded in separating the toxie substance 
from the proteins of the blood. 

They next studied changes produced in the nervous structures of dogs 
and rats which had been subjected to the above procedures and which were 
examined at intervals from ten days to six months after survival from the 
operation. In dogs they. found, in general, spongy necrosis in the walls of the 
lateral ventricles with foci of edema in the white matter and extensive glia 
proliferation. Severe damage was usually found in the choroid plexes. This 
with the spongy degeneration of the ventricular walls suggested that the toxic 
substances were eliminated into the cerebrospinal fluid. The extent of dam- 
age decreased with increasing distance from the ventricles so that at more 
remote areas only nerve cell degeneration and glia proliferation were observed. 
Damage to the striate body was frequently seen. 

In one dog and more consistently in the rats, another mode of elimina- 
tion of toxie substances seemed to have occurred. In these, ventricular and 
choroid lesions were not observed but instead seattered foci of demyeliniza- 
tion around the blood vessels with overgrowth of fibrous glia, suggesting 
elimination through the vessel walls. Perivascular hemorrhages were observed 


early in this type of reaction. 
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Crandall and Weil point out the similarity of many of their pathologic 
findings to those observed in eases of Wilson’s disease, the common features 
being particularly: spongy necrosis of nerve tissue, active proliferation of glia 
with the formation of large round or oval nuclei, diffuse nerve cell disease 
with predilection for the deep cortical layers and the striate body, with absence 
of active mesenchymal reaction. At the same time they point out that with 
the varied distribution and the character of the lesions, the same toxie factor 
can very readily produce a variety of combinations of pathologie lesions with 
a resultant distinct variability in symptomatology. ‘‘Such a point of view 
will prevent one from expecting stereotype encephalopathies in hepatic dis- 
ease, or from assuming dogmatically one and the same etiology for all cases 
of hepatolenticular degeneration.’’ 

They conclude that experimental observations of hepatocerebral inter- 
relationships such as those described will be more successful in demonstrating 
such relationships than clinical-pathologie observations since complicating fac- 
tors such as arteriosclerosis and chronic focal infection which so often accom- 
pany hepatie and central nervous disease are thereby eliminated. 

The observations of these investigators contribute further experimental 
corroboration of a phenomenon which has long been recognized clinically. 

REFERENCE 
Crandall, Latham A., and Weil, Arthur: Pathology of Central Nervous System in Diseases of 


the Liver; Experiments with Animals and with Human Material, Arch. Neurol. & 
Psych. 29: 1066, 1933. 
—W. T. V. 
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IMBLE Blue Line Exax Pipettes are 
made from extra heavy tubing of 
very uniform bore, automatic-machine- 
made, carefully selected to eliminate 
pieces with blisters, stones or streaks. 


IMPORTANT FEATURES: 


. Designed to deliver contents accurately and 
at a proper speed. 

. Delivery ends are tapered gradually; tips 
are ground and slightly bevelled. 

. The tops are smoothly finished. 

. Volumetric and other pipettes have joints 
that are carefully made without constrictions. 

. Expertly calibrated at 20°C to deliver ca- 
pacity by free outflow through tip. No 
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amount remaining in the tip is to be added 
this is indicated by a frosted band at the top. 
. All calibration lines are deeply acid-etched 
and filled with a durable blue fused-in 








\ L drainage period allowed. Where the small 








glass enamel. 
RETESTED An entirely new type of calibration lining 
K for accurate and rapid reading. Short lines 
GiAD Tad for intermediate divisions with encircling 
Ne Bis lines at the main graduation points. 


USA 
8. Retested and retempered (strain-free). 


TO 
(Om VOLUMETRIC AND CSTWALD PIPETTES 
20°C Size Toleranc> Size Tolerance 
tml. *0,012 ml. 15 ml. =+0.06 ml. 
2 mil. 012 mi. 20 mi. .06 mi. 
3 ml. : mil. 25 mi. 06 ml. 
4 ml, . mil. 50 mi. 10 mi. 
5 mil. 5 mil. 100 mi. 16 ml. 
10 ml. J ml. 200 mi. .20 ml. 


MEASURING AND SEROLOGICAL PIPETTES 


1/10. ml. 
2/10 ml. 
1 mi. 
2 mil. 
5 ml. 
10 wii. 3 
25 mi. 10 
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; STOCKED BY LEADING LABORATORY SUPPLY HOUSES 

K | M L E THROUGHOUT THE UNITED STATES AND CANADA 
GLASS COMPANY 
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SMALL-DOSE SALINE 
THERAPY 


in its metabolic effect, distinguishes the 
marked results in treatment of overweight 
as achieved by 


KRUSCHEN SALTS 


The profession has been quick to discriminate 
between the accomplished therapeutic utility of 
this balanced formula in small-dose use as against 
the old-time argued hypothesis of depletion by 
catharsis. 


The K. S. formula is a composite in therapeutic 
value of European spa waters the potability of 
which has long found medical service in weight 
reduction. Thousands of convincing clinical rec- 
ords received within the past few months from 
the American profession, attest the formula’s high 
value. 


Supplies for clinical tests are at every 
physician’s command upon request. 





| E. GRIFFITHS HUGHES 


t INCORPORATED 
| ROCHESTER NEW YORK 
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Laboratory Colloid Mills 


Cut shows Eppenbach Laboratory Colloid Mill. 
This is made of best bronze, Rotor and Stator 
being of stainless steel. If desired, mills can be 
supplied of stainless steel at an extra charge. 





SPECIAL FEATURES 


a. Gap is fully adjusted and can be locked at any re- 
quired setting. 


‘“b. Motor is for speeds up to 10,000 r.p.m. Material can 
“be circulated for batch mixing, if desired. 


ce. Tu®hines produce immense pressure which forces the 
material through the grinding gap. These mills, 
thereforé).are excellent for fine grinding as well as 
for homogenizing and emulsifying. 


. Mills can be quickly and easily taken a for thorough cleaning. 


~ 
- 


. Motor is Universal and connects to lump soe 


USES 


. These mills are used for the production of all kinds of emulsions. 


. For thorough mixing, so as to combine a great variety of materials, such as 
carrots, berries and drugs to form a uniformly blended product. 


. The wet grinding of hard materials. For this use the sample is first brought 
dewn to about 20 mesh. 


Write for Bulletin No. 472, which gives information in regard 
to the laboratory mills and also the industrial mills, 
where the requirements are larger and where 
continuous operation is an important factor 








EIMER & AMEND 


Est. 1851 Inc. 1897 
Headquarters for Laboratory Apparatus and Chemical Reagents 
Third Ave., 18th to 19th Street New York, N. Y. | 























